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In This BUTE 


What are readers’ experiences with 
building actual robotic mechanisms? 
Stephen A Allen and Anthony J 
Rossetti's commentary On Building 
a Light-Seeking Robot Mechanism 
describes their work in this area on 
an undergraduate engineering project. 
An on board computer helps their 
robot decide what action to take when 
avoiding obstacles between it and a 
light source. 


Page 24 


Until now microprocessor users had 
the choice of using either an 8 bit ora 
16 bit processor. With the advent of 
the 6809, Z-8000 and 8086, we now 
have available a hybrid machine with 
both 8 and 16 bit capabilities. This 
may have an effect on how language 
are written on the processors. Charles 
H Forsyth and Randall J Howard take 
a look at this in Compilation and 
Pascal on the New Microprocessors. 

page 50 


Do you need to perform extensive 
mathematical calculations, but fret 
over the time needed to write, debug 
and use floating point operations and 
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transcendental functions? The new 
National Semiconductor MM57109 
processor will help you with this 
problem. Turn to The Number 
Crunching Processor by Peter Nelson 
for details on how to interface an 
MM57109 with an 8080 system, and 
a review of this unique processor. 

page 64 


Pascal is the fastest growing new 
computer language. Few languages 
have the support from the typical 
university computer science depart- 
ment that Pascal has. To find out more 
about this fascinating language read 
Steven R  Alpert's article, Pascal, 
a Structurally Strong Language. 

page 78 


A 179 year old android that can 
draw pictures and write poetry? It 
may sound [ike science fiction, but 
The Franklin Institute's Charles F 
Penniman reveals all in Philadelphia's 
179 Year Old Android. page 90 


This month we continue Dr James 
Williams' 3 part series on Antique 
Mechanical Computers with Part 2: 
18th and 19th Century Mechanical 
Marvels. Read about Jacquet-Droz's 
incredible writing and drawing auto- 
maton that contains the equivalent 
of three quarters of a million bits of 
read only memory and can draw in- 
tricate pictures and transcribe poetry. 

page 96 


Using a structured language such as 
Pascal helps the programmer easily 
organize the logic of a program. Often, 
it is not necessary to write a logic dia- 
gram for the program. To this end, 
David Mundie compares a well written 
Pascal program to a Warnier-Orr logic 
diagram in his article In Praise of 
Pascal. page 110 


Business applications for personal 
computers are more and more in evi- 
dence these days. Pascal lends itself 
well to business applications with the 
addition of some special features 
described by Ken Bowles in Pascal 
versus COBOL. page 122 


One of the newest developments in 
software is structured programming. 
Many features of the technique have 
been described, but often the actual 
procedure for constructing a struc- 
tured program is not mentioned. 
Chip Weems describes the steps in- 
volved in Designing a Structured 
Program. 


page 143 


Light pens are one way to improve 
the  user-computer interface, but 
there's an even more direct way: a 
noncontact scanning digitizer. Simply 
touch the screen of your video display 
to enter information! Steve Ciarcia 
shows you how in Let Your Fingers 
Do the Talking: Add a Noncontact 
Touch Scanner to Your Video Display. 

Page 156 


If you like to gamble, but don't 
want to wait for legalized gambling in 
your state, try JACPOT. Author 
Edwin Hastings has written a straight- 
forward BASIC simulation of a slot 
machine. Now you can gamble (for 
fun only, of course) to your heart's 
content without depleting your bank 
account. You can lose everything 
and then turn around and lose it again! 

page 166 


Pascal is an exciting language that 
can help you program more effi- 
ciently. It was developed in 1969 
as an extension of the ALGOL family 
of languages. Author Allan Schwartz 
compares Pascal to BASIC, a language 
familiar to many BYTE readers, in 
Pascal versus BASIC: An Exercise, 

page 168 


Identical twins...almost. 


$395. 


In 1977, AXIOM pioneered low-cost 
electrosensitive line printing, setting an 
example which others have been quick 
to follow. 

However, we believe that once you 
are the market leader, you should stay 
out in front. So were proud to announce 
the birth of two exceptional new 
products, the EX-801 MicroPrinter 
and the EX-820 MicroPlotter which set 
new standards for versatile low-cost 
hardcopy. 


These babies are beautiful, housed in 
sleek molded cases designed by the 
award-winning Inova design group. But 
beauty is more than skin deep. Each 
unitis packed with unique features. Like 
serial RS232C/20mA and parallel ASCII 
inputs as standard. Reverse printing. 
Oversized input buffers. Expandable 
character sets. User program memory 
for real "intelligence" 


Twins, yes, identical, not quite.... 
Meet the MicroPrinter 


Here's the answer to a micro (or mini) 
computer's fondest dreams. Designed 
around the Intel 8048 microprocessor, 
the EX-801 MicroPrinter operates to 
160 cps (that's 14 times faster than a 
TTY), and gives you the choice of 3 
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This one prints. 


intermixable character sizes to provide 
80, 40 or 20 columns on 5-inch wide 
electrosensitive paper, making this 
printer ideal tor CRT hardcopy, data 
logging, remote message printing, 
program listing, record keeping...In 
fact, any application needing fast, 
low-cost copy. 


Introducing the MicroPlotter 


Our EX-820 MicroPlotter does 
everything the EX-801 does — plus it 
plots. Under software control, you have 
unlimited flexibility to mix alohanumeric 
ASCII and graphics on any line. Just 
define the size of each graphic field, 
and choose from 3 pre-programmed 
dot resolutions up to 128 dots per inch. 
Once the fields have been defined, the 
EX-820 automatically tormats graphic 
and alphanumeric printouts to 
your Specs. 


Complete stand-alones 


The EX-BO1 and EX-820 are both 
complete stand-alone units, including 
molded case, power supply, parallel 
ASCII and Serial R5232C/20mA 
interfaces, character generator, low 
paper detector, bell, built-in self tester 
and paper roll holder. Not to mention 
a whole range of fantastic low-cost 


This one prints & plots. | 


$795. 


options like 2K character buffer, 256 
character set and user PROM memory. 
Any questions??? 

OEM discounts? The above prices 
are single quantity end-user. If you're 
an OEM they sound even better. 
Distributors? Everywhere in the USA 
and in 18 overseas countries. Service? 
Just call one of our 20 nationwide 
service centers. Maintenance? Minimal. 
The printhead is self-adjusting and 
there are no inky ribbons to change. 
MTBF? 11.6 million lines. Need we 
say more? 

Whether you need sophisticated 
graphics or simple printout, AXIOM 
still has the lowest cost, highest 
performance printers in the field — so 
were still the market leaders. Phone or 
write today for the whole story on our 
almost identical twins. 


AXIOM 


AXIOM CORPORATION 


5932 San Fernando Rd., Glendale, CA 91202 
(213) 245-9244 - TWX: 910-497-2283 
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| Editorial 


By Car! Helmers 


Based on a computer 
graphic suggestion by 
students Joel McCormack 
and Owen Hampton at 
UCSD, we arranged with 
Russell Myers for this 
Statement of an extreme 
opinion about Pascal... , 
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A Vision of an Industry 


In mid-March of this year, | finished a 
trip to the West Coast by having a day long 
meeting with Ken Bowles and his associates 
at the University of California, San Diego. 
The purpose of this meeting was to explore 
some of the possibilities which arise from 
the standardization of extensions to Niklaus 
Wirth’s language Pascal, and the equally 
important implications of the technology of 
intermediate languages such as the optimized 
form of "P-code" developed at UCSD. 

| came to this meeting with a background 
of familiarity with the reasons for encour- 
aging highly structured languages such as 
Pascal, Before starting BYTE, | had been 
involved with the NASA HAL/S language 
developed by my employer of the time, 
Intermetrics Inc of Cambridge MA. | lived 
and breathed considerations of software 
reliability, ease of program design and the 
conceptual economy of a detailed program 
representation which doubles as the docu- 
mentation of the algorithm. My personal 
experiences were with the context of the 
need to "man rate” the flight software of a 


contemporary spaceship through the use of 
high reliability software tools and techniques. 
These points are made elegantly in a number 
of books and papers which have been 
published on the subject to date. 

What came out of this meeting with Ken 
Bowles is a vision of an important synthesis 
of machine independent software representa- 
tions, the technology of printing machine 
readable software on paper, and the distribu- 
tion of software in the form of convention- 
ally printed and bound publications. It is a 
vision of what the software publishing 
business could look like over the course of 
the next few years. 

Out of this vision of a machine independ- 
ent software publishing industry comes a 
serendipitous justification for support of 
Ken Bowles’ efforts to establish a ''band- 
wagon" effect of support for the Pascal 
language and machine independent software 
systems. The purpose of this essay is to 
discuss the present dimensions of the soft- 
ware publishing problem, the technology 
which exists for preparing and printing 
machine readable representations, and the 
vision of machine independent software 
publishing which Ken Bowles and | saw 
inherent in the Pascal P-code technology as 
we discussed it that day. 


Publishing Software 


As the users of the personal computer 
expand in number, the means of distribution 
of software become critical to those who 
would distribute such software. In personal 
computing we are faced with a kind of 
problem which is completely new in the 
computer industries: the number of machines 
installed is becoming incredibly large by 
standards of the past 20 years, and the price 
paid per unit installation is becoming incred- 
ibly small. The computers which are a 
potential market for software are in the 
initial stages of becoming a mass market: too 
large a market for the custom craftsmanship 
of the traditional software vendor. To be 
convenient for the customers programs must 
be distributed with a machine readable copy 
which eliminates the need for hand key- 


Continuad on page 133 


PASCAL 


NIGBOCOMPUTER 


121 EAST ELEVENTH EUGENE OREGON 97401 (503) 485-0626 
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Sol Terminal Computer 


It's the serious 
solution to the 
small computer 
question. 


Sol Systems are the key to effective, economical 
small computer power. Sol Systems give you the force of a 
powerful general purpose computer, the problem solving 
capability of high level languages and the operational simplicity 
of everyday office equipment. 

From the ground up, Sol Systems were designed to do 
a complete job without adding a load of costly extras. In fact, 
when you compare the “everything included” price of 
a quality, field proven Sol System with anything else on the 
market, you'll be happily surprised to find out how little 
the extra performance and convenience costs. 


For example, complete Sol Systems with 16,384 bytes 
of RAM memory start at less than $2500? Expanded systems 
with 49,152 bytes of RAM memory, 1.5 million bytes of 
on-line disk memory, disk operating system and Extended 
Disk BASIC cost less than $8000? Both systems are fully 
assembled, burned-in, tested and ready to go. 


Sol Compatibility 

Sol Systems feature the S-100 bus for pin-to-pin 
compatibility with a wide variety of add-on devices such as 
voice input and computer graphics, Standard Sol 
parallel and serial interfaces will drive most standard printers, 
modems and other peripherals. 


A word about languages 

No system is complete without software, and at Processor 
Technology we have tailored a group of high level languages, 
an assembler and other packages to suit the wide capabilities 
of our hardware. 

Take a look at our exclusive Extended BASIC as an example. 
In cassette form, this BASIC features string and advanced 


*U.S. prices only. 


file handling, special screen commands, timed input, complete 
matrix, logarithmic and trigonometric functions, exponen- 
tial numbers, 8 digit precision and square root. The language 
handles serial access files, provides tape rewind and 
offers cursor control for graphics capability. 

The disk version has all the number crunching talents 
of the cassette BASIC plus instant access to data and programs 
on floppy disks. It includes random as well as sequential 
files and a unique ability to update sequential data in place. 

Processor Technology FORTRAN is similar to FORTRAN IV 
and has a full set of extensions designed for the “stand alone” 
computer environment. Thousands of special application 
programs available through books and periodicals have already 
been written in this well established language. 

Processor Technology PILOT is an excellent language 
for teachers. It is a string-oriented language designed expressly 
for interactive applications such as programmed instruction, 
drill and testing. 


No wonder we call it the serious solution 
to the small computer question. 
It's the small computer system to do the general ledger and 


the payroll. Solve engineering and scientific problems. 
Use it for word processing. Program it for computer aided 
instruction. Use it anywhere you want versatile 

computer power! 


Sold and serviced only by the best dealers. 

Sol Systems are sold and serviced by an outstanding group 
of conveniently located computer stores throughout the 
United States and Canada. They are also available in Australia, 
Europe, the United Kingdom, Central America, South 
America, Japan and Singapore. 

For more information contact your nearest dealer listed on 
the following page. Or write Department B, Processor 
Technology Corporation, 7100 Johnson Industrial Drive, 
Pleasanton, CA 94566. Phone (415) 829-2600. 
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Processor Technology 


Your 
Sol dealer 
has it. 


AL Birmingham: ICP, Computerland, 1550-D 
Montgomery Hwy.. (205)979-0707. AZ: Tempe: 
Byte Shop, 1425 W. 12th PI. (602)894-1129; 
Phoenix: Byte Shop, 12654 N. 28th, (602) 
942-7300, Tucson: Byte Shop, 2612 E. Broadway, 
(6021327-4579 CA: Berkeley: Byte Shop, 
1514 University, (415)845-6366; Costa Mesa: 
Computer Center, 1913 Harbor. (714) 

646-0221; Hayward: Byte Shop, 1122 "B" St., 
[415)537-2983; Hayward: Computerland of 
Hayward, 22634 Foothill Bivd., (415)538-8080, 
Lawndale: Byte Shop. 16508 Hawthorne, 
(213)371-2421:; MI. View. Byte Shop, 1063 EI 
Camino, (415)969-5464; Mt. View: Digital 

Dali, BOW El Camino, (415)961- 2670; Orange: 
Computer Mart, 633-B W. Katella, (714) 
633-1222: Pasadena: Byte Shop, 496 S. Lake, 
(213)684-3311; Sacramento: Micro-Computer 
Application Systems, 2322 Capitol, (916) 
443-4944; San Francisco: Byte Shop, 321 Pacific, 
(415)421-8686; San Jose: Byte Shop, 2626 
Union, (408)377-4685; San Rafael: Byte Shop, 
508 Francisco, (415)457-9311; Tarzana: Byte 
Shop, 18424 Ventura, (213)343-3919; Walnut 
Creek: Byte Shop, 2989 N. Main, (415)933-6252. 
CO: Boulder: Byte Shop, 3101 Walnut, 
(303)449-6233; Denver: Byte Shop. E 1st Ave. & 
University, (304)399-8995. FL: Ft. Lauderdale: 
Byte Shop, 1044 E. Oakland Pk., (305)561-2983; 
Miami: Byte Shop. 7825 Bird. (305)264-2983; 
Tampa: Microcomputer Systems, 144 So. Dale 
Mabry,(813)870-4301. GA: Atlanta: Computer 
Mart, 5091-B Buford, (404)455-0647, IL: 
Champaign: Computer Co., 318 N. Neil, (217) 
350-5883, Numbers Racket, 623% S, Wright, 
[217)352-5435. Evanston: itty bitty machine co, 
1322 Chicago, (312)328-6800; Schaumburg: 
Data Domain, 1612 E. Algonquin, (312) 397-8700. 
IN: Bloomington: Data Domain, 406 S. College, 
(812)334-3607; Indianapolis: Data Domain, 7027 
N. Michigan, (317)251-3139. A: Davenport: 
Computer Store, 4128 Brady, (319)386-3330. 
KS: Overland Park: Personal Computer Center, 
3819 W 95th St., (913)649-5942, MA: Boston: 
Computer Warehouse Store, 584 Commonwealth, 
(617)261-2700, MD: Towson: Computer Etg., 
13A Allegheny, (301)296-0520. MI: Ann Arbor: 
Computer Store, 310 E Washington, (313) 
995-7616; East Lansing: General Computer Store, 
1310 Michigan, (517)351-3260; Troy General 
Computer Store, 73 W Long Lake Rd, (313) 
689-8321, MN: Minneapolis: Computer 

Depot, 3515W. 70th, (612)927-5601. NJ: Cherry 
Hill: Camputer Emporium, 2438 Route 38, 
(609)667-7555: Hoboken: Computer Works, 20 
Hudson PI , (201)420-1644; Iselin: Computer 
Mart, 501 Rt. 27, (201)283-0600 NY: Endwell: 
The Computer Tree, 409 Hooper Rd., (607) 
748-1223; New York. Computer Mart, 118 Madison, 
{212)686-7923, White Plains: Computer 

Corner, 200 Hamilton, (914)949-3282 NC: 
Raleigh. ROMs 'N' RAMs, Crabtree Valley 

Mall, (919}781-0003.  OH:Columbus: Byte Shop. 
2432 Chester, (614)486-7761; Dayton: 
Computer Mart, 2665 S. Dixie, (513)296-1248. 
OR: Beaverton: Byte Shop, 3482 SW Cedar 
Hills, (503)644- 2686; Eugene: Real Oregon 
Computer Co., 205 W. 10th, (503)484-1040; 
Portland: Byte Shop, 2033 SW 4th Ave., (503) 
223-3496 Al: Warwick. Computer Power, 

M24 Airport Mall, 1800 Post Rd., (401)738-4477 
SC: Columbia. Byte Shop, 2018 Green, 
1B03)771-7824. TN: Kingsport: Microproducts 
& Systems, 2307 E. Center, (615)245-8081. 

TX: Arlington: Computer Port, 926 N. Collins, 
(817)469-1502, Arlington: Micro Store, 

312 W Randol Mill Rd , (817)461-6081; Houston: 
interactive Computers, 7646% Dashwood, 
(?13)772-5257, Lubbock: Neighborhood 
Computer Store, 4902- 34th St., (B06)797-1468; 
Richardson: Micro Store, 634 So. Central 
Expwy.. (214)231-1096. VA: McLean: Computer 
Systems Store, 1984 Chain Bridge. (703) 
821-8333, Virginia Beach. Home Computer 
Center. 2927 Va. Beach Blvd., (804)340-1977. 
WA: Bellevue: Byte Shop, 14701 NE 20th, 
1206]746-0651, Seattle: Retail Computer Store, 
410 NE 72nd, (206)524-A4101. WI: Madison: 
Compuler Store, 1863 Monroe, (608)255-5552, 
Milwaukee. Computer Store, 6916 W. North, 
[(414)259-9140. D.C.: Georgetown Computer 
Store, 3286 M St. NW. (202)362-2127. 
CANADA: Toronto, Ont: Computer Mart, 1543 
Bayview, (416) 484-9708; First Canadian 
Computer Store, 44 Eglinton Ave. W., (416) 
482-BOBO; Vancouver, B.C.: Basic Computer 
Group. 1438 W. Bth, (604)736-7474; Pacific 
Computer Store, 4509 Rupert, (604)438-3282. 


Processor 
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HIDDEN GOLD IN THE TI-59? 


In regard to "hidden gold" in the 
TI-59 (Webb Simmons’ letter-interview, 
March 1978 BYTE, page 133) the only 
things I've come across after extensive 
investigation are the following: 

1. According to the manual, the 
“decrement and skip on zero" instruc- 
tion only references memories 00 to 09 
(ie: the instruction may only be fol- 
lowed by a single digit for the memory 
reference). In fact, any available memory 
can be used, excepi for 40, which hap- 
pens to be the numerical code for an 
indirect memory reference, You have to 
use the editing functions or some other 
trick to jam the 2 digit number in, but 
this isn’t too much trouble; in the in- 
direct mode, memory 40 may also be 
used, and there's no jamming problem at 
all. 

2, This one is hardly hidden, but 
apparently (judging by the T] programs 
that came with the calculator) TI's 
designers didn't know about it: to make 
the display flash without altering any- 
thing else (including the contents of the 
display}, the sequence "2nd operation 
99" does very nicely; actually, ‘2nd 
operation anything larger than 39," 


James G Owen 
951 Dryden Rd 
Ithaca NY 14850 


TEXT EDITING 

|] sympathize and agree with your 
essay on the need for saphisiticated text 
editing (March 1978 BYTE, page 6). 

| am a full-time writer who spends a 
great deal of time at my correcting 
Selectric II and who would appreciate 
technology which would eliminate cross- 
ing out and retyping my manuscripts as 
| unscramble the words that first poured 
out. 

At some point, | send these sheets to 
a typist, and they come back finished. 
That, too, could be eliminated by a text 
editor controlling a fancy typewriter. 

But | need even more the ability to 
write and edit on a video screen, then 
call for a final printout of the text on a 
hands off basis. 

| could buy a text editor, but | want 
further computer capability to keep 
track of my potential cutlets to ease the 
process of writing query letters, to 
store and sort random ideas for later 
printout as fairly cohesive outlines, and 


to store many standard paragraphs for 
compilation into letters and replies to 
advertisements. 

Please keep me informed of your 
progress in your quest for quality editing 
at an affordable price. 


Robert A Moskowitz 
403 W School House Ln 
Philadelphia PA 19144 


A POINT OF INTEREST... 


While waiting for somebody to build 
a system cheap and intelligent enough 
for me | read your paper with great 
interest. Amusingly, BYTE is the only 
English magazine | have seen which turns 
the text on the side of the cover upside 
down. 


Mats Liljedahl 
Kalenderv 31 
415 11 SWEDEN 


And, you will notice, starting with 
the January 1978 BYTE, we did a 
180* flip of the binding edge notation. 
Consistency was viewed as a virtue 
within the context of one year's worth 
of BYTE after we discovered the orien- 
tation of the binding text in the January 
1977 issue! . . .CH 


DMA AND VIDEO: ARTICLES 
NEEDED 


How about running a review or an 
article on direct memory access (DMA) 
in microprocessors? We video hacks 
would like to read how to sort out 
manufacturers! specs, how to work 
around their design "lemons," and how 
to make multichannel DMA work 
effectively towards fancy pictures. 


Dr W R Levick 

Dept of Physiology 

John Curtin School of Medical Research 
POB 334 

Canberra City AUSTRALIA (ACT 2601) 


A MORE INEXPENSIVE DIRECT 
VIDEO CONVERSION? 


| read with interest the article by 
Dan Fylstra about converting a TV set 
into a monitor (May 1978 BYTE, page 
22). With all due respect to the author, 


Continued on page 120 


Microcomputer 
System Solution. 
Announcing the IMSAI VDP-40. 


€ Fully integrated video data processor in a f 
single cabinet. | 

® Twin floppies, professional keyboard, | 

S-100 expansion slots. | 

24 line by 80 char. CRT, insert/delete, | 

programmable font, protected fields, 

inverse video. | - 

è Handsome flip-top cabinet for easy access. f 

Serial and parallel I/O ports included. 

® FORTRAN IV, Extended and Com- j 


mercial BASIC. 
IMDOS. 
ISAM. 


You've decided you want a microcomputer 
DP center — but what to buy? A component 
system? A computer box here, a CRT box 
there, a keyboard box, a floppy disk box... 
A so called inexpensive $695 system? No 
disk; no way to add enough memory ... and 
if you could, it's not inexpensive anymore; 
and you still wind up with a collection of 
boxes. 

The IMSAI VDP-40 is a fully integrated 
Video Data Processing system and comes 
equipped with vour choice of 32K or 64K 
RAM on our own advanced RAM III board. 
In one cabinet, the VDP-40 combines a 
professional keyboard, heavy-duty power 


IMSAI Manufacturing Corporation, 
Dept. EWN, 14860 Wicks Boulevard 
San Leandro, CA 94577 

(415) 483-2093 TWX 910-366-7287 


supply, twin mini-flop- 
pies, a multi-slotted mother- 
board, 9-inch CRT, plus RAM ata 
new price/performance never before 
achieved. 
System Expansion? Extra slots in our 
S-100 bus motherboard and our new power 
supply allow almost unlimited expansion. 
Need more disk expansion? A controller 
option of the VDP-40 allows expansion to 
greater than 4.5M Bytes. 
Add a line printer, an IBM compatible tape 
drive, a modem: all are available, with the 
interfaces and software to make it work for 
you. 

IMSAI EUROPE 

Europa Terrassen 

8 Rue Jean Engling 

Dommeldange, Luxembourg 

43-67-46 Telex: 1428 


IMSAT's VDP-40 
price/performance means every 
home or business can now afford a 
complete DP center. Check us out. IMSAT 
has what you want and what you need. Visit 
your dealer or write us directly. 
Features subject to change without noucc. 


IMSA 


The Standard of Excellence 
in Microcomputer Systems 


Price/Performance no one else has put together. 
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Technical 


Forum 


Olav Naess 
Welhavensgt 65 
Bergen NORWAY 


John C McCallum 

Dept of Computer Science 
York University 

4700 Keala St 
Downsview, Ontario 
CANADA M3J 1P3 
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A Letter Exchange: Extending S-100 Bus? 


When John McCallum in the March 1978 
BYTE (page 148) discussed the possibilities 
of getting a 16 bit data bus on the S-100, 
there was one alternative he didn't mention: 
why not use the input and output 8 bit 
buses as a single 16 bit bidirectional bus? As 
far as | can see, the problem will be cards 
which enable their output buffers when the 
processor does the same. Are there really 
cards which do that? Do they talk when 
they are told to listen? 

That a 16 bit processor can only ex- 
change a byte at a time with old IO cards 
is less important. Old memory cards will be 
more tricky to use, as they will require some 
buffer rewiring. If the new 16 bit processors 
get 16 bit wide memory cards, they should 
thrive well on the S-100. 

| suggest an improvement for the S-100: 
one of its lines should be reserved for use as 
a bidirectional bus for analog signals. When- 
ever digital data is read through an input 
port, an analog to digital converter samples 
the analog bus, and when data is sent to an 


output port, a D/A converter puts its output 
voltage on the analog bus. 

Finally, it is awkward to connect S-100 
cards to the environment when they need 
external connectors, switches, indicators, 
potentiometers, etc. The cabinet cannot 
easily have panels equipped with such 
communication points which the particular 
combination of cards inside needs. A solu- 
tion to this problem is commonly used with 
laboratory electronic systems: Each plug-in 
card has a long, narrow plate mounted per- 
pendicularly along the card edge that is 
opposite to the edge connector. Together 
these plates for the communication points 
will constitute a relevantly composed front 
panel; and the mess of costly connectors 
and cables inside is replaced by short, fixed 
wire connections. Old S-100 cards can be 
used with such a system, even if the plates 
cannot be mounted on these cards. (A still 
better but more radical solution is the 
hinged frame system | described in the 
April 1977 Digital Design.) 


And Some Notes by John C McCallum 


! was interested in Olav Naess’ comments 
about expanding the Altair (S-100) bus to 
include a 16 bit data bus. Mr Naess’ notes 
brought to mind some of the discussions at 
the S-100 bus forum at Atlantic City last 
year. 

The suggestion to use the input and 
output 8 bit buses as a single 16 bit bi- 
directional bus has three drawbacks: 


(1) It assumes that proper data transfer 
signals are used by all memory 
boards. Unfortunately that’s not so. 
| don’t have any of the bad boards 
myself. But others at the forum 
mentioned the problem. 

(2) A big problem is Processor Tech- 
nology's idea that one should wire 
data in and data out lines as a bi- 
directional bus. This simplifies board 
design — but makes a 16 bit bidirec- 
tional bus impossible when used with 
most Processor Technology boards 
or systems. 

(3) Rewiring all the old memory boards 
to accommodate 16 bit words is a 
problem. | have enough difficulty 
getting standard boards in the right 
memory area! 


About the comment on reserving one 
S-100 bus line for an analog signal — it 
sounds nice. But unfortunately there is so 
much noise on the bus that it would be 
useless. Most of the people at the forum did 
not realize the extent of the noise on the 
bus — so it is useful to point it out again. 

On the topic of packaging of the S-100 
system, | feel there is something needed. 
Perhaps a device fike a CAMAC frame 
system would be good. This is similar to 
what Mr Naess suggests. | think the hinged 
frame might be tricky, and | can remember 
100 white wires to connect up sections of a 
mother board! | think the most important 
S-100 bus consideration is getting common 
acceptance of the extended addressing lines. 
With 64 K memory boards coming down in 
price, and the new Intel 8086 processor 
addressing 1 M byte, the lines are needed. 
TDL seemed to have the simplest structure, 
so | vote for A16, 17, 18, 19 as the highest 
priority. 

Beyond the 1 M byte range, | think that 
we most likely need a whole new bus to sup- 
port future processor chips (multi-mega- 
byte, 32 bit data bus). The S-100 bus will 
probably be going strong for another 5 years 
anyway.M 


"Our goal was to produce 100% 
reliable business programs.” 


GENERAL LENGER 


REFERENCE MANUAL 


“What do we mean by reliable programs? Three Our programs are comprehensive yet retain their 
things: good program design, documentation, and flexibility. They allow convenient backup. are easy 
full support. to use and have been thoroughly tested and field 
DESIGN Good program design meets a wide proven. 

variety of customer needs without reprogramming. DOCUMENTATION We consider the quality of 


the documentation to be as important as the 
programs themselves. That's why our manuals 
are clear, concise and complete. 

SUPPORT And when it comes to support we're 
second to none. We release periodic updates. 
answer your questions and are available to provide 
technical assistance. Now that's reliable” 

Our growing Business Systems series currently 
includes: GENERAL LEDGER, ACCOUNTS 
RECEIVABLE, NAD (Name and Address File 
system), QSORT (full disk sort. merge). and 
CBASIC (a powerful business Basic). For details. 
contact our sales manager, Richard Ellman. 


Structured Systems Group 


Keith Parsons, President 5615 RALES AVE, DEPT. Bo OAKLAND, CA 94618 (115) 547-1567 
Alan Cooper, VP, Systems Development 


A 151 d Ail systems are compatible with any 280 oc SOS. CP AC system 
Lele a on Nguy cat 


W.. personal computer will be 


most enjoyable and rewarding for you? 
Since we delivered our first Apple” II 
in April, 1977, more people have chosen 
our computer than all other personal 
computers combined. Here are the 
reasons Apple has become such an 
overwhelming favorite. 

Apple is a fully tested and assembled 
mainframe computer. You won’t need 
to spend weeks and months in assembly. 
Just take an Apple home, plug it in, 
hook up your color TV* and any cassette 
tape deck — and the fun begins. 

To ensure that the fun never stops, 
and to keep Apple working hard, we've 
spent the last year expanding the Apple 
system. There are new peripherals, 
new software, and the Apple II Basic 
Programming Manual. And wait till 
you see the Apple magazine to keep 
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owners on top of what's new. 

Apple is so powerful and easy to use 
that you'll find dozens of applications. 
There are Apples in major universities, 
helping teach computer skills. There 
are Apples in the office, where they're 
being programmed to control inven- 
tories, chart stocks and balance the 
books. And there are Apples at home, 
where they can help manage the family 
budget, control your home's environ- 
ment, teach arithmetic and foreign 
languages and, of course, enable you 
to create hundreds of sound and 
action video games. 

When you buy an Apple II you're 
investing in the leading edge of tech- 
nology. Apple was the first computer 
to come with BASIC in ROM, for 
example. And the first computer with 
up to 48K bytes RAM on one board, 
using advanced, high density 16K 
devices. We're working to keep Apple 
the most up-to-date personal computer 
money can buy. Apple II delivers the 
features you need to enjoy the real 


is the world's 
nal computer. 


satisfaction a personal computer can 
bring, today and in the future. 


15colors & hi-resolution 
graphics, too. 


Don't settle for a black and 
white display! Connect your 
Apple to a color TV and 
BASIC gives you instant 
command of three display 
modes: Text, 40h x 48v 
Color-graphics in 15 colors, 
and a 280h x 192v High 
Resolution 
array that 
lets you plot 
graphs and 
compose 
3-D images. 
Apple gives 
you the added 
capability of combining 
text and graphics, too. 


Back to basics, and 
assembly language too. 

Apple speaks three languages: fast 
integer BASIC, floating point BASIC 
for scientific and financial applications, 
and 6502 assembly language. That's 
maximum programming flexibility. And, 
to preserve user's space, both integer 
BASIC and monitor are permanently 
stored in 8K bytes of ROM, so you 
have aneasy-to-use, universal language 
instantly available. BASIC gives you 
graphic commands: COLOR=, VLIN, 
HLIN, PLOT and SCRN. And direct 
memory access, with PEEK, POKE 
and CALL commands. 


Software: Ours and yours. 
There's a growing selection of pre- 

programmed software from the Apple 

Software Bank — Basic 

Finance, Checkbook, High 


Resolution Graphics and 

more. Now there's a User - 
Section in our bank, to make 

it easy for you to obtain ^, 


programs developed 


hi 


it 


by other Apple owners. Our Software 
Bank is your link to Apple owners all 
over the world. 


Apple’s ex- 
clusive built-in 
speaker delivers 
the added dimension of sound to your 


programs. Sound to compose electronic 


music. Sound to liven up games and 
educational programs. Sound, so that 
any program can “talk” back to you. 
That’s an example of Apple’s “people 


compatible” design. Another is its light, 


durable injection-molded case, so you 
can take Apple with you. And the 
professional quality, typewriter-style 
keyboard has n-key rollover, for fast, 
error-free operator interaction. 


Apple is the 


proven computer. 

Apple is a state-of-the-art single 
board computer, with advanced LSI 
design to keep component count to a 


minimum. That makes it more reliable. 


If glitches do occur, the fully socketed 
board and built-in diagnostics sim- 
plify troubleshooting. In fact, on our 
assembly line, we use Apples to 
test new Apples. 


* Apple II plugs into any standard TV using 
an inexpensive modulator {nat included). 


**]n California, call 408/996-1010. 


Apple peripherals 
are smart peripherals. 


Watch the far right column of this ad 
each month for the latest in our grow- 
ing family of peripherals. We call them 
“intelligent interfaces.” They're smart 
peripherals, so you can plug them in 
and run them from BASIC without 
having to develop custom software. 
Noother personal computer comes 
close to Apple's expandability. In addi- 
tion to the built-in video interface, cas- 
sette I/O, and four A/D inputs with two 
continuously variable game paddles, 
Apple has eight peripheral slots, three 
TTL inputs and four TTL outputs. Plus 
a powerful, state-of-the-art switching 
power supply that can drive all your 
Apple peripherals. 


Available now. 


Apple is in stock and ready for 
delivery at a store near you. Call us for 
the dealer nearest you. Or, for more 
details and a copy of our "Consumer s 
Guide to Personal Computers,” call 
800/538-9696** 
or write Apple 
Computer, Inc., 
10260 Bandley 
N Drive, Cuper- 
tino, CA 


95014. 
1 501 


iquiry card. 


@appic computer: 


Programming is a snap! 

i'm halfway through Apple's BASIC 
manual and already I've programmed 
my own space wars game. 


Those math programs I wrote 
last week-l just rewrote them using 
Apple's mini-assembler and got them 

to run a hundred times faster. 


New from Apple. 


Introducing Disk II" : 
instant access to your files. 

Our newest peripheral is Disk If, a 
high-density 5'A" floppy disk drive for 
fast, lowcost data retrieval. It's perfect 
for storing large bodies of data such as 
household finances, address files and in- 
ventories; you can find any record in just 
half a second. No more searching through 

stacks of cassettes; with 


LS a few keystrokes, your 
ot 


system will load, store 
and run any file by 
name. 

Disk II consists of 
an intelligent inter- 
face card, a power- 
ful Disk Operat- 
ing System 
(DOS), and 
one or two 
minifloppy drives. Your 
Apple will handle up to seven 
interface cards and fourteen drives, 
for control of nearly 1.6 megabytes of 
data, with no expansion chassis. The com- 
bination of ROM-based bootstrap loader 
and an operating system in RAM provides 
complete disk handling capability, includ- 
ing these special features: 

e Soft sectored e Random or sequential 
file access © Program chaining capability 
® Universal DOS command processor 
works with existing languages and monitor 
e Full disk capability in systems with as 
little as 16K RAM eè Storage capacity: 
113 kilobytes/diskette. 

See Disk Il now at your Apple dealer. 
Sold complete with controller and DOS at 
$495.' 

Peripherals in stock 

Hobby Board (A2B0001X), Parallel Printer 
Interface (A2B0002X), Communication In- 
terface (A2B0003X), Disk II (A2M0004X). 
Coming soon 

High speed Serial Interface, Printer II, 
Printer ITA, Monitor II, Modem ITA. 


! Price subject to change without notice. 


Circle 15 on inquiry card. 


Apple's smart peripherals make 
expansion easy. Just plug ‘em in and 
they're ready to run. I've already 
added two disks, a printer and the 
communications card. 


by Carl Helmers 


"n z ? e 
Hag. o ! 


" P 
MSN ( 


MEIE sas -—— 
" y ^ tg TL botas d 
I 


COSS 
X A 
"A. Ms. 


Er AMI UU 
31° 444 


L 


a 
NSA pr 
jin, 


m 


Z J 
rnd Fas 


ss. oe etui INO 
—— 7 
ces RT SLE Cf 
ET Ison 
isi Hl zz a 


mm ma. 


zoa. 


About the Cover 


It is rare when one can indulge in one’s 
prejudices with rclative impunity, poking 
a bit of good humored fun to make a point. 
The design of the cover, entitled ‘‘Pascal’s 
Triangle” provided just such an opportunity. 
The cover was executed by Robert Tinney, 
but the prejudices are all mine and were 
given to him as a fairly detailed script. The 
point is that Pascal is here, it is consistent 
with use by small computers, such as many 
readers own, and it is available in the form 
of the UCSD software system at quite a 
nominal charge above the cost of the hard- 
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ware required. While today it requires a com- 
puter at the high end of the personal com- 
puter range of pricing, the utility of the 
language and advances in both magnetic 
media and read only memory technology 
should lower the price of the minimum 
hardware requirements considerably over 
the course of the next year or two. With that 
point, we present "Pascal's Triangle." 

The primary allegory of the cover is of 
course the inversion of the "Bermuda 
Triangle" myth's theme to show smooth 
waters. The triangle is an unbounded tri- 


Now there are at least 


102K more reasons fo 
buy the Heathkit Hs 
Personal Computer- 


The WH17 Floppy! 


Be sure to fill out 
postcard to order 
your FREE catalog. 
If card is missing, 
write Heath Company, 
Dept. 334-440, 
Benton Harbor, 
Michigan 49022. 


Heathkit 


CP-152 
Circle 160 on inquiry card. 
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Hye ai His magazina; you've 
muluublysaen our ode on the HB. Itu a 
feo) well cesiqned machine witha 
eel Hie giure Imceludinug an intelli 
perl kani ponai, octal keyboard entry 
uu dieptay. Plenty e! mom lor memary 
mea pcnson and Jot of other 
guciey!" cdies? including the 
soam CPU HB owners have 
peuised nt for its convenience, versatility 
eae Of emmating and genera! per 
formance characteristics. In fact, if the 
Hd wee wosing anything, it was a 
Udéupy disk storage system 
Well, not ony more! The WHI7 Floppy 
is now a reality and it brings extraordi- 
nary power and versatility to your H8 
9. - T computer 
system. 
Programs 
are loaded 
in seconds 
instead 
of minutes 
WANGCOs2 8° Youre 
Disk Drive Unit Up and 
running fast; you can store literally 
hundreds of programs on a single disk 
so you have lots of storage space and 
immediate access to all your programs; 
you can update files instantly and 
efficiently to save time. The WH17 is far 
more versatile and reliable than 
paper tape or cassette storage systems. 
It truly makes the H8 a "total capability" 
computer system! 


Storage media for the WH17is the stan- 
dard hard-sectored 40-track diskette. 
Measuring just 5.25" in diameter, each 
disk offers access to better than 102K 
bytes of available program and 

data storage area. The drive system 
used in the WHI7 is the famous 
WANGCO model 82, a performance- 
proven drive providing accurate high- 
speed data access. Specifications of 
this drive include a conservative 30 mS 
track-seek time and typical random 
sector access times of less than 250 
mS. Compare. These figures are con- 
siderably better than you'll find for 
most equivalent competitive drives. 


A diskette containing all operating 
systems software for the WHI7 is sold 
separately for $100. This software 
includes the Heath Disk Operating 
System (HDOS) with its unique diag- 
nostic for floppy evaluation and 
optimization; the BUG-8 console 
debugger; TED-8 text editor; HASL-S 
assembly language and extended 
Benton Harbor BASIC with files. An 
optional plug-in second drive is 
also available tor $295. 
The WHI7F. Disk system ia now 
available fally casenibled and tented, 
With single ae ms peines 


ing system to their fullest 
Pridam wd ogi ent 


Serre unge wae DDA 
Preet cing Ap E eon td Enc to 


hiia 


à 


System Engineered 
for Personal Computing 
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angular array of buoys numbered with the 
binomial expansion coefficients. These co- 
efficients are ‘‘Pascal’s Triangle" as any high 
school algebra student will have learned. 
Pascal’s Triangle on the cover is of course 
embedded in a matrix of the waters of the 
FORTRAN Ocean of computer languages, 
named after the pioneering widely used 
high level language FORTRAN, and its 
descendents FORTRAN II, FORTRAN IV, 
WATFOR, WATFIV and even the mildly 
reformed RATFOR. 

A prominent island graces the bottom of 
the picture, the Isle of BAL with its rocky 
and desolate surface. Note the great JCL 
barrier reef which surrounds the Isle of Bal 
and borders the Straights of COBOL along 
the bottom edge of the picture. These 
dangerous and unstructured reefs have sunk 
more than one ship on their treacherous 
shoals, including the good ship SS OS of all 
encompassing (360 degree) fame. (Much 
commercial traffic is seen in the sea lanes of 
the Straights of COBOL.) 

In the lower right part of the picture 
where the Straights of COBOL meet the 
main body of the FORTRAN Ocean, we see 
a curious fog bank {imagining a view from 
the deck of a ship in the waters). It is said 
that this fog bank is always present, hiding 
the exotic and mysterious jungles of LISP. 
While unseen by normal mortals, our gods’ 
eye view of the picture shaws the brilliant 
tropical algorithms, the fabulous nodes 
growing on trees like in some Eldorado 
of programming. But who can see brilliance 
through a fog bank? 

Travelling upward (in the picture) 
through heavy seas we come to the pinnacle, 
a snow white island rising like an ivory tower 
out of the surrounding shark infested waters. 
Here we find the fantastic kingdom of small 
talk, where great and magical things happen. 
But alas, just as the impenetrable fog bank 
around the jungles of LISP hide it from our 
view, the craggy aloofness of the kingdom 
of small talk keeps it out of the mainstream 
of things. 

Turning our attention to the lower left 
part of the picture, we see the famous 
Floating Point separating the FORTRAN 
Ocean mainstream from the interactive 
and weed filled Sea of BASIC. 

To all the relative disorder and chaos of 
the waters of the FORTRAN Ocean and 
its adjacent coastal features, the smooth, 
calm infinity of Pascal’s Triangle provides a 
brilliant contrast. We note vessels ranging 
from the commercial freighters to pleasure 
boats to the rafts of hobbyists to the 
military fighting ships heading for the calm 
waters of Pascal's Triangle. 

To complete the mythology, we find 
within Pascal’s Triangle numerous examples 


of ships enjoying the smooth sailing and 
untroubled waters. 

Is this an adequate picture? Computer 
languages are like philosophies in many re- 
spects, which is to say that the reasons for 
an enthusiasm are often hard to attribute to 
anything other than aesthetic grounds. 
But as in philosophies and religions, con- 
versions do occur from time to time. 
Very often in today’s microcomputer world, 
we find the case of the engineer or systems 
programmer who has been using an as 
sembler (if anything at all) as the first and 
only software development tool. Such a 
person will often discover BASIC, FOR- 
TRAN, APL, COBOL (yes, even people 
with engineering backgrounds sometimes 
sec. COBOL as a first high level language) 
or language X. When language X is dis- 
covered, the advantages of the high level 
language technique often become confused 
with the specific example—and the enthu- 
siasm which comes with the powerful elixir 
of automated programming aids turns that 
person into an X language convert with an 
almost religious fervor. 

As the new convert proceeds to use the 
language, he or she also discovers its in- 
adequacies in detail errors. And the X lan- 
guage devotee starts inventing this or that 
perfect extension, a new superset of X, 
which is endowed with even better pro- 
perties. This particular inventiveness syn- 
drome is most pronounced in compiler 
implementors since they are in a position 
to "do something about" the older language 
by ad hoc implementing personally meaning- 
ful extensions when putting a new compiler 
up. 
What has resulted, viewing from the big 
picture, is a range of languages, cach reflect- 
ing the context of the group of imple- 
mentors who are responsible for its creation. 
Pascal in this global context must be viewed 
as but another step in that natural sequence 
of human events. 

| personally like Pascal as a method of 
expressing programs, because of a number 
of arguments supported by my own prior 
experience using languages including macro- 
assemblers, BASIC, FORTRAN, PL/I, 
HAL/S, JOVIAL, XPL and a bit of PL/M. 

As a potential user, try a few programs, 
sec if you like the style of expression in- 
volved, and if the price is right, that may be 
the system for you. If you like the argu- 
ments presented for Pascal in this issue and 
by examples in issues to come, by all means 
express your interest to manufacturers. This 
issue is a conscious attempt to communicate 
some of the flavor of Pascal with a spirit of 
fun and an understanding that even Pascal 
may not be the be all and end all of com- 
puter languages.# 


Circle 7 an inquiry card. —- 


ALTOS presents a new standard 


in quality and reliability 


& 


— 
atts COMPLIES ELEM pus 
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WE’RE ALTOS COMPUTER SYSTEMS. Our SUN-SERIES ACS8000 business/scientific 
computer creates a new standard in quality and reliability in high technology computers. 


HIGH TECHNOLOGY The ACS8000 is a single board, 
Z80®* disk-based computer. It utilizes the ultra-reliable 
Shugart family of 8 inch, IBM compatible, disk drives. A 
choice of drives is available: single or double density, single or 
double sided. Select the disk capacity you need, when you 
need it: 44M, 1M, 2M, or 4M bytes. The ACS8000 features 
the ultimate in high technology hardware: a fast 4 MHz Z80 
CPU, 64 kilobytes of 16K dynamic RAM, 1 kilobyte of 2708 
EPROM, an AMD 9511 floating point processor, a Western 
Digital floppy disk controller, a Z80 direct memory access, 
Z80 Parallel and Serial I/O (two serial RS232 ports, 1 parallel 
port), and a Z80 CTC Programmable Counter/Timer (real time 
clock). In essence, the best in integrated circuit technology. 


BUILT-IN RELIABILITY The ACS8000 is a true single 
board computer. This makes it inherently reliable and main- 
tainable. The board and the two Shugart drives are easily ac- 
cessible and can be removed in less than five minutes. All elec- 
tronics are socketed for quick replacement. Altos provides 
complete diagnostic utility software for drives and memory. 


QUALITY SOFTWARE Unlimited versatility. The ACS 
8000 supports the widely accepted CP/M®** disk operating 
system and FOUR high level languages: BASIC, COBOL, 
PASCAL and FORTRAN IV. All available NOW. 


PRICE $3,840. Standard ACS8000 system with 32 Kb RAM 
and % Mb disk. FPP, DMA and software optional, Dealer/OEM 
discounts available. Delivery: 3 weeks ARO. 


*Z80 is a Ir&demark of Zilog, Inc. 
**CP) M is u Irademark of Digital Research, inc. 


COMPUTER SYSTEMS 23788 WALSH AVENUE « SANTA CLARA e CA 95050 e (408) 244-5766 


There's an Ohio Scientific 


ALABAMA 


M.C.S. Corp. 
poner Mali 
Pelham, AL 35124 
(205) 663-1287 


ALASKA 
Scientific Business Instr's 
500 W. 


| 27th 
Anchorage, AK 99503 
(907) 277-2650 


CALIFOR ^ 
M Techniques 


iL ovs e 91001 
(213) 794 


Shue ^ed 

1009 E. Vermont 
Anaheim, CA 92805 
(714) 991-3940 


Olson Electronics 
11332 East South 
Cerritos, CA 90701 
(213) 860-0060 


Adventures in Computing 
8756 Warner 

Fountain Valley, CA 92706 
(714) 848-8388 


Olson Electronics 
nns West Century 
i209 eras} CA 90304 
213) 674-5740 


er Electronics 

Kearny Mesa, 4840 Convoy 
San Diego, CA 92111 
(714) 292-1100 


Prey Eng open 
f 

San Fialbgl, CA 94107 
(415) 777-3150 


Olson Electronics 

2125 El Camino Real 
Santa Clara, CA 95051 
(408) 248-4886 


COLONADD 


Total Data Systems 

125 Fairway Lane 

Fort Collins, CO 80521 
(303) 491-5692 


Tricomp/Computer Country 
7115 N. Federal 
Wastminstar, D" 80030 
(303) 426- 


DELAWARE 


Delaware Microsystems 
92 East Main t1 

Newark, DE 19711 

(302) 738-3700 later 7 PM) 


FLORIDA 


Olson Electronics 

5833 Ponce de Leon 
Coral € FL 33146 
(305) 666- 


Olson aria 
1644 N. E, Second 


Miami, FL 33132 
(305) 3744121 


Calculator Place 

12 South Orange 
Sarasota, FL 33577 
(813) 366-7449 


Olson Electronics 

6901 22nd Avenue, N. 
Tyrone Square Mall 

St. Petersburg, FL 33710 
(813) 345-911 


Olson Electronics 

LS South Dale Mabry 
Tampa, FL 

(813) 253-3129 


GEO" GI 


Electronic Information 
120 Heatherwood 
Athens, GA 30601 
1404) 353-2858 

Secom Systems 

5241-F New Peach Tree 


Chamblee, GA 30341 
(404) 455-0672 
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Olson Electronics 
2571 N. Decatur 
Decatur, GA 

(404) 378-4201 


HAV Alt 


Small Computer Systems 
3140 Wailalae 

Honolulu, Ht 96816 
(808) 732-5246 


ILLINOIS 


American Microprocessors 
1100 E. Broadway 

Alton, IL 62002 

(618) 465-4489 


Tech-Tronics 

714 S. University 
Carbondale, IL 62901 
(618) 549-8495 


Adonis Computing 
2855 W. Nelson 
Chicago, IL 60618 
(312) 463-0847 


Electronic Systems 
611 N. Wells 

Ey IL 60610 
(312) 944-6565 


Olson Electronics 
4101 N. Milwaukee 
Chicago, IL 60641 
(312) 545-7336 


Olson Electronics 

1734 Ogden 

Downers Grove, IL 60515 
(312) 852-9650 


A & H Associates, Ltd 
2530 Crawtord 
Evanston, IL 60602 
(312) 328-2800 
No-Name 

2701 Grand 
Galesburg, IL 61401 
(309) 343-6135 


Compulerminal Systems, inc. 


(312) 724-3690 


Tek-Aids Industries 
1711 Chestnut 
Glenview, IL 60025 
(312) 724-2620 


American Microprocessors 
6934 N. Universit 

Peoria, IL 6161 

(309) 692-5852 


American Microprocessors 
20 N. Milwaukee 
Prairieview, IL 60069 
(312) 634-0076 
Wysocki Electric 

South Blvd. 
Rockford, IL 61109 
(815) 874-4846 


Data Domain 

1612 E. Algonquin 
Schaumburg: IL 60195 
(312) 397-8 


INDIANA 


Data M d 

406 S. Colleg 
Bloomington, "IN 46401 
(812) 334-3607 


American Microprocessors 
148 N. Broa: 

Griffith, IN 46319 

(219) 924-7901 


American Microprocessors 
3802 East Washington 
Indiana; e ae 46201 
(317 

Data dn. 

7027 N. Michigan 
Indianapolis, IN 46268 
(317) 251-3139 


Oison Electronics 

5353 N. Keystone 
indianapolis, IN 46220 
(317) 253-1584 


Data Domain 

10 N. Third 
LaFayette, IN 47902 
(317) 423-2548 


Computer Management 
610 Monroe 

LaPorte, IN 46350 
(219) 362-5812 


American Microprocessors 
2655 Irvin, 
Portage, IN 46368 


(219) 760-2278 

IOWA 

Microbus 

1910 Mt. Vernon, 8. E. 
Cedar Rapids, (A 52403 


(319) 364-5075 


American Microprocessors 
102 E. 4th 

Waterloo, IA 50703 

(319) 296-2255 


NANSAS 


Barney & Associales 
425 N. Broadwa 
em KS 66762 
(316) 231-1970 


Technigraphics 
5911 Claredon 
Wichita, KS 67220 
(316) 744-2443 


*EMTUCKY 


Olson Electronics 

117 Southland 
Lexington, KY 40503 
(606) 278-9413 


Data Domain 

3028 Hunsinger 
Louisville, KY 40220 
(502) 456-5242 


Olson Electronics 
4137 Shelbyville 
Louisville, KY 40207 
(502) 893-2562 


MARYLAND 


The Mathbox 

4431 Lehigh 

College Park, MO 20740 
(301) 277-6828 


E stems En Me 
1749 Rockville Pike d 

Rockville, MD 

(301) 468-1822 

MASSACHUSETTS 

Computer Shop-Aircom 

288 Norfolk 

Gambridge, MA 02139 

(617) 661- 

Bradshaw Eiio 

18 Harborview 

Hin nam. MA 02043 

(617) 749-6844 

MICHIGAN 

The Abacus 

Route 1, Box 193 

Berri on Spri MI 
errien Springs. 

(616) 429-3034 


49103 


(616) 451- 


Conce ae 
3706 Malibu 
Lansing, MI 48910 
(517) 304-0585 


Olson Electronics 
29121 DeQuindre 
Madison Heights, MI 
(313) 546-01 


Great Lakes Photo 
5001 Eastman 
Midland, MI 48640 
(517) 631-5461 


MINNESOTA 


Custom Computer Syslams 
1823 Lowry 

Minneapolis, MN 55411 
(612) 3944 


48071 


dealer near 


Micro Business Sales 
4345 Lyndale N, 
Minneapolis, MN 55412 
(612) 871-9230 


Ronald D. Frisch 

3034 Marine Circle 
Stillwater, MN 55082 
(612) 439-8212 


Jack Fisher Sates 

100 Main 

pala 3n Cly: MS 38647 
1601) 224.64 


MISSOURI 


Four State Microcomputer 
402 Wall 

Joplin, MO 64801 

(417) 782.1285 


Norman Electronics 
402 Wall 

Joplin, MO 64801 
(417) 724-0368 


Impaci Systems 

Decker Building 

613 W. 3rd 

P.O. Box 478 

Lee's Summit, MO 66463 
(B16) 524-5919 


The Computer Bit 

1320 S. Glenstone 
Sprin ngniela. M MO 65804 
(417) 


Fulureworld 

1909 Seven Pines 

St. Louis, MO 63141 
(314) 434-1121 


Sauer Computer Systems 
1750 oun Brentwood 
Suite 60 

St. tu MO 63144 
(314) 962-0382 


MONTANA 


Linco 

P.O Box 2418 

Cul Bank, MT 59427 
(406) 336-3117 


NEBRAS?P A 


Omaha hee e i Store 
a540 South 84th 

maha, NB 68127 
gos §92-3590 


NEW JERSEY 


Computer Power 
235 Nutley 
Nulley, NJ 07110 
(201) 667-5502 


Computer Corner 
240 Wanaque 
Pompton, NJ 07442 
(201) 835.7080 


MEW YOR 
Associaled Consultants 


n 
East Williston, NY | 11596 
(516) 746-1079 


Computer Mart ol N. Y. 
118 Madison 
New York, NY | 10016 
1212) 686-7923 


Yingco 

Two World Trade Center 
Penthouse 107th Floor 
New York, NY 10048 
Pes 775.9000 


Microcomputers 
rr mbridge 
Rochester, iN 14607 
(716) 442-5861 


Microcomputer Workshop 
234 Tennyson Terrace 
Williamsville, NY | 14221 
1716) 632-8270 


OHIO 


Olson Electronics 
69 West State 
Akron, OH 44308 
(216) 762-0301 


Olson Electronics 
1994 Brittain 
Akron, OH 44310 
(216) 633-4338 


Olson Electronics 
3265 W Market 
Akron, OH 44313 
(216) 864-3407 


Lucas Office Equipment 
Service 
869 E. Franklin 
Centerville, OM 45459 
(513) 433-8484 


Otson Electronics 
2020 Euclid 
Dievetand, OH 44115 
(216) 621-6387 


Olson Electronics 
6813 Pearl 

Cleveland, OH 44130 
(216) 845-2424 


Olson Electronics 
6153 Mayfield 
Cleveland, OH 44124 
(216) 449-2690 


Olson Electronics 
21850 Center Ridge 
Cieveland,OH 44116 
(216) 331-4600 


Byte Shop 

2432 Chester 
Columbus, OH 43221 
(614) 486-7761 


Olson Electronics 
1975 Henderson 
Columbus, OH 43220 
(614) 451-3245 


Johnson Computer 

123 W. Washington 

Medina, OH 44256 
(216) 725-4560 


Olson Electronics 

7401 Market 

Southern Park Mail 
Youngstown, OH 44512 
(216) 758-3828 


OKLAMOMA 


Gauger E ineerini 
910 Orien " 3 
Clinton. OK 73601 


Accounting Systems 

2709 Orlando 

Oklahoma City, OK 73120 
(405) 751-1537 


Gauger Engineering 
3824 S. ?9th East 
Tulsa, OK 74145 
(918) 627-1064 


OREGON 


Fial Computer 

11013 S. E. 52nd 
Milwaukie, OR 97222 
(503) 654-9574 


PENNSYLVANI- 
one Electronics 


Pittsburgh, PA 15206 
(412) 362-1333 


Olson Electronics 
3405 Saw Mill Run 
Peed ae PA 15227 
(412) 881-0702 


Olson Electronics 
4778 McKnight 
Pittsburgh, PA 
(412) 366-7298 


Abacus Data Systems 
Route 8 
Reno, PA 16343 
(814) 677-6502 


TENNESSEE 


comet Rowerot Memphis 
3065 Ja 

Memphis, TN 38128 

(801) 386-9905 

Smart Machine Mart 

5151 Hillson 

Nashville, TN 37211 

(615) 833-9773 


15237 


m uterPowerofOakRidge 
ak Ridge lone. 

Oak Ridge, 

(615) 482-9031 


SOUTH DAKOTA 

Exe oci 

804 E. L 

Vermitlion, SD 57069 
(605) 624-6411 


TEXAS 

Mr. Computer 

744 FM 1960 W., Suite € 
Houston, TX 77090 
(713) 444-7419 


UTAH 


Home Computer Store 
2343 Eas! 3300 South 
Salt Lake City, UT 84109 
(801) 484-650; 


VIRGINIA 

HIB Computers 

217 E. Main 
Charlottesville, VA 22101 
(804) 295-1975 


Microsystems, Inc. 
5320 Williamson 
Roanoke, VA 24012 
(703) 563-0693 


WASHINGTON 

Ye Olde Computer Shoppe 
1301 George Washington 
Richtand, WA 9935: 

(509) 946-3330 


WISC ONSIN 


MicroComp 

785 S. Main 
Fond du Lac, WI 
(414) 922-2515 


Madison Computar Store 
1863 Monroe 

Madison, WI 53711 
(608) 255-5552 


Milwaukee Magnetic Media 
1750 West Silver Spring 
Milwaukee, WI 53209 
(414) 228-8930 


Indianhead Computer 
Box 178 Route 4 

Rice Lake, WI 54868 
(715) 234-4323 

Olson Electronics 
3125 South 108th 
West Allis, WI 53227 
(414) 541-1406 
WYOMING 

Control Technology 
204 Crazy Horse Lane 
Gillette, WY 62716 
(307) 682-0300 
CANADA 

i -h Computing Lid. 


54935 


Station P 

Toronto, Ontario 
Canada M5S2F7 
(416) 425-9200 
Robo- Tronics 

509 16th N, W, 
Calgary, Alberta 
Canada T2M 0J 
(403) 282-9468 


EUROPE 


Pan Atlantic Computer 
System GmbH 

61 Armstadt 

Frankfurterstrasse 78 

West Germany 


PUERTO AIGO 

Puerto Rico Key Punch 

P.O Box 2036 

Hato Pey pu oS 00919 
(809) 751- 

SOUTH nte 


SAVE 

P.O. Box 701 

Cuenca, Ecuador 
770 
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C2-8P 


An exceptional value 
n personal computing 


If you are interested in an ultra high per- 
formance personal computer which can be 
fully expanded to a mainframe class micro- 
computer system, consider the C2-8P. 


Features: 

Minimally equipped with 8K BASIC-in-ROM, 4K RAM, 
machine code monitor, video display interface, cassette 
interface and keyboard with upper and lower case 
characters. (Video monitor and cassette recorder optional 
extras.) 

The fastest full feature BASIC in the microcomputer 
industry. 

Boasts the most sophisticated video display in per- 
sonal computing with 32 rows by 64 columns of upper 
case, lower case, graphics and gaming elements for an ef- 
fective screen resolution of 256 by 512 elements. 

E The CPU's direct screen access, coupled with its ultra 
fast BASIC and high resolution, makes the C2-8P capable 
of spectacular video animation directly in BASIC. 

i Fully assembled and tested: 8 slot mainframe class 
microcomputer, six open slots for expansion. Supports 
Ohio Scientific's ultra low cost dynamic RAM boards or 
ultra high reliability static RAMs. 


Ww dut nr tuns 
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POET UN etary 


The C2-8P can support more in-case expansion than its 
four nearest competitors combined. 

The C2-8P is the only BASIC-in-ROM computer that can 
be directly expanded today to a complete business 
system with line printer and 8" floppy disk drives. 

| |t is the only personal class computer that can be 
expanded to support a Hard Disk! (CD-74) 

The C2-8P is the fastest in BASIC, has the most sophisti- 
cated video display and is the most internally expandable 
personal computer. Therefore, it should be the highest 
priced? 

Wrong: The C2-8P is priced considerably below several 
models advertised in this magazine. The C2-8P is just one 
of several models of personal computers by Ohio 
Scientific, the company that first offered full feature 
BASIC-in-ROM personal computers. 

For more information, contact your local Ohio Scientific 
dealer or the factory at (216) 562-3101. 


1333 S. Chillicothe Road * Aurora, Ohio 44202 
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The C3-B 


by Ohio Scientific 


The world’s most powerful 
microcomputer system 

is far more affordable 
than you may think: 


STANDARD FEATURES: 


74 million byte Winchester tech- 
nology disk drive yields mainframe 
class file access speeds and 
capacity. 


High level data file software 
makes high performance file struc- 
tures like multikey ISAM easy to 
use. 


Triple processor CPU with 
6502A, 6800 and Z-80 gives the pro- 
grammer the best of all worlds in 
performance and versatility. 


Switchable and programmable 
CPU clocks at 1, 2 and 4 MHz yield 
maximum performance from each 
microprocessor. 


B The included 6502A based ex- 
tended disk BASIC by Microsoft 
out-benchmarks every micro 
available, including 4 MHz Z-80 and 
LSI-11 with extended arithmetic. 


E 48K of high reliability static RAM 
is standard. 


W High density 8" floppys provide 
program and data mobility from 
machine to machine. 


E Completely integrated mechani- 
cal system with UL-recognized 
power supplies; continuous duty 
cycle cooling; modular construc- 
tion and rack slide mounted 
subassemblies. 


— Based on a 16 slot Bus-oriented 
architecture with only 7 slots used 
in the base machine. 


— Directly expandable to 300 
megabytes of disk, 768K of RAM in 
16 partitions, 16 communication 
ports, plus console and three 
printers. 


— C3-B's have been in production 
since February, 1978, and are 
available now on very reasonable 
delivery schedules. 


The C3-B was designed by Ohio 
Scientific as the state of art in 
small business computing. The 
system places its power where it's 


needed in the small business 
environment; in the data files. The 
C3-B's advanced Winchester tech- 
nology disk, coupled with its smart 
controller and dedicated high 
speed memory channel, gives the 
C3-B data file performance com- 
parable with today's most powerful 
maxi-computers. 

The system can easily expand 
upward from single user to multi- 
user operation. Optional hardware 
and software include a real time 
clock and a 16 terminal (plus con- 
sole) real time operating system. 
Multiple terminal programs such as 
muiti-station order entry can be 
programmed directly in BASIC. The 
system is super fast because multi- 
terminal I/O can be handled 
simultaneously with disk I/O due to 
the smart disk controller! 

By simply adding memory in the 
alternate partitions, the system can 
be expanded to full multi-tasking, 
multi-programming operation. The 
multi-terminal hardware supports 
both asynchronous and synchron- 
ous protocols in conjunction with 
terminals and smaller computers 
such as Ohio Scientific's BASIC- 
in—ROM and floppy disk based 
systems at transfer rates up to 
500K bits per second. 


E The C3-B costs only slightly 
more than many floppy only com- 
puters but offers at least a thou- 
sand times performance improve- 
ment over such machines (50 times 
storage capacity multiplied by 20 
times access speed improvement). 

But what if your business client 
cannot justify starting with a C3-B? 
Then start with Ohio Scientific's in- 
expensive C3-S1 floppy disk based 
system running OS-65U. When he is 
ready, add the CD-74 big disk and 
directly transfer programs and files 
from floppy to big disk with NO 
modifications. 

That's upward expandability! 


"Rack as shown on right com- 
plete with 74 megabyte disk, dual 
floppys, 48K of static RAM, OS-65U 
operating system and one CRT ter- 
minal under $13,000. 

Multiple terminal systems with 
printers and applications software 
are priced in the mid-20's. 


1333 S. Chillicothe Road « Aurora, Ohio 44202 
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On Building a Light-Seeking 


Stephen A Allen 
POB 2281 
Leucadia CA 92024 


Tony Rossetti 
1455 Arbor Av 
Los Altos CA 94022 
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Robot Mechanism 


The idea of the Tee Toddler was born 
during the summer of 1976. We, as two 
undergraduate engineering students at Rice 
University in Houston, wanted to design a 
system using as much applicable electrical 
engineering as possible which could act on 
its own intelligence and which could also 
learn from its mistakes. We wanted to incor- 
porate state of the art electronics and 
actually develop a piece of working hard- 
ware. As a three credit hour course for two 
semesters we designed and built a small 
"robot" car, the Tee Toddler. 

The car is designed to track toward a 
shining light. It accomplishes this with the 
help of two processors: an on board Z-80 
microprocessor which communicates with a 
PDP-11 minicomputer over a two way digital 
radio link. The source light the Tee Toddler 
searches for can be anywhere on the horizon. 
This light is detected by a rotating eye which 
scans a 360 degree view five times per 
second (see photo 1). There is also an ultra- 
sonic sonar system capable of scanning 
simultaneously to the left and right of 


center to detect objects in the car's forward 
path (see photo 2). It can give ranges of up 
to five feet with 9 inch accuracy. The car 
has three forward and reverse speeds, five 
steering positions and a turning radius of five 
feet. Other standard equipment includes a 
front contact sensing bumper to detect ob- 
jects which the sonar missed; a source light 
monitor to determine if the car is at its 
destination; a source light verifier to indicate 
whether the car has gone behind something 
which blocks the source light; whitewall 
tires and positive traction rear end. Most 
power requirements were met by regulating 
a 12 V rechargeable battery. The Tee 
Toddler is a closed loop system. lt con- 
stantly updates its knowledge of where 
the light is and what obstacles are in the 
way; thus operating as a self-sufficient real 
time system. Great flexibility inherent in the 
lwo processor system allows for develop- 
ment of the car's intelligence. The program- 
mer has lots of freedom in deciding how the 
car should deal with differing situations. 
This freedom in configuring the system be- 
tween the computers and a moving object 
is the true beauty of the Tee Toddler. The 
duties of each processor are different. The 
on board Z-80 handles the car's reflex 
maneuvers; the PDP-11 makes both real time 
navigational decisions and can also generate 
a better path for the car to take on a second 
trip over the same obstacle course toward 
the light. The normal mode of operation is 
set up with the PDP-11 in control of the car 
via the radio. The Z-80 is operated in an 


Photo 1: The primary sensor of Tee Toddler 
is this photoelectric horizon scanner. The 
"eye" mounted on a Plexiglas standard and 
metal bracket scans a 360° field. The flat 
mirror rotates at five revolutions per second 
deflecting light into the phototransistor eye 
through a 45? angle. The position of the 
mirror is resuivea. uuo one of 16 angular 
states by a slotted disk which passes through 
an optocoupler. 


Figure 1: The source light intensity monitor circuit is used to test proximity of 
the car to the goal of a shining light. The end of the car's mission is indicated 
when the light intensity in a 120° forward viewing range exceeds a threshold set 


by the resistor RT. 


interrupt mode. It stands by and records 
all course changes the car makes each time 
an obstacle is detected by sonar and also 
records each navigational correction made 
enroute to the light. In the case of collision 
or loss of the light, the Z-80 takes over 
control and remedies the situation before it 
returns control of the car to the PDP-11. At 
the end of the trip to the light the 2-80 
dumps all the course change vectors it has 
recorded (steering setting and distance 
traveled) to the PDP-11 over the radio 
channel. The PDP-11 then determines a 
better path for the car to take over the same 
course on a second run. 


Sensors: the Bumpers 


The bumper is needed only in case an 
object is encountered in front of the car 
which is too narrow to be seen by the 
sonar. The bumper has two microswitches 
behind it, one on each side. It pivots in the 


Photo 2: Tee Toddler's sonar system trans- 
ducers are illustrated in this front view. The 
black object in the center of the picture is 
the sonar transmitter which emits periodic 
pulses of sound at 40 kHz. The two cup-like 
objects with red interiors (equally spaced to 
the left and right of the center of the picture 
toward the top) are the receiving micro- 
phones. The sonar drive electronics of this 
system resolves four distance states on each 
receiving microphone with a maximum range 
of about five feet and an accuracy of about 
nine inches. 


+5V 


center so that a contact on only one side 
will depress only one switch; however if the 
collision is head-on, both switches will be 
depressed. Two bits, one for each switch, are 
sent to the Z-80 computer. 


Sensors: Source Light Intensity Monitor 


The source light is the car's destination. 
The intensity monitor consists of three 
phototransistors which sense the intensity 
of light until the car is close enough to the 
source light (a foot) to stop; mission accom- 
plished (see figure 1). An angle of 120 de- 
grees is monitored, so the car must make 
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Photo 3: A view of the Tee Toddler car from the rear with the differential 
and drive motor visible. (The battery and rear deck have been removed for 
purposes of this photograph.) 


Figure 2: The direction of the light source relative to the forward direction of 
travel is measured by one of 16 angular states. The disk on which the main 
horizon scanning sensor's mirror is mounted has 16 slots which are sensed 
by an optocoupler which drives a counter. The counter is reset once per 
revolution of the disk by a separate sensor, so the angular states numbered O 
through 15 are sensed. When the photosensor detects the target light, the 
current state of the scanning angle is latched and can be read by the Z-80 
mobile computer for transmission to the PDP-11 base computer. 
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ROTATING — P —— 


MIRROR i 
DIRECTION , 


DIRECTION OF ROTATION 


STRAIGHT 
BACK 


its final approach moving in a forward 
direction. 


Sensors: 
Rotating Eye and 
Source Light Verifier 


The rotating eye scans a plane about 18 
inches above the ground looking for a light 
source. Photo 1 shows the physical arrange- 
ment. It automatically adjusts its sensitivity 
for ambient light, much like the human eye. 
The response of its electronics is such that 
it can detect a penlight at 30 feet in a dark 
room. In a normally lighted room it is self- 
adjusting and can discriminate between two 
lights if one is about three times as bright as 
the other. 

As the disk rotates clockwise, the 16 slots 
in its edge pass through an optical switch 
and are counted by a 4 bit counter on the 
main deck. At the instant the light is spotted 
during the disk's rotation, the count is 
loaded into a 4 bit latch to be read by the 
computer. For example, if the light is 
spotted straight ahead, the count is eight. 
Figure 2 shows the logical definitions of 
the 16 possible directions (a missing slot 
corresponds to the state when the mirror is 
aimed to the rear; the counter is reset to 
zero in this condition). Thus any erroneous 
counts caused by ambiguous light sources 
or reflections are wiped out each time the 
disk begins a 360 degree scan. Once a num- 
ber is loaded into the latch it stays there 
until the light is spotted again and a new 
number is loaded. This reloading usually 
occurs once for each time the disk goes 
around. But if the light source suddenly 
becomes blocked by some object, the latch 
continues to hold the last number loaded 
even though there is no light being scen. To 
remedy this problem, a source light verifica- 
tion circuit is part of the electronics. This 
circuit sends a logical O to the Z-80 as long 
as the light is actually still being spotted and 
a logical 1 when it is not. 


Steering Control 


The steering system has five possible posi- 
tions numbered arbitrarily 2, 3, 4, 5 and 6. 
2 is far left and 6 is far right. The command 
from the computer (PDP-11 or Z-80) has 
3 bits to specify these states. The number is 
converted to an analog voltage using a cur- 
rent sourced resistor ladder. The DC voltage 
enables a pulse width modulator which con- 
trols the two steering servos. The servos act 
in opposite directions on opposite ends of 
the front axle to turn the wheels. The pulse 
is sent at 67 Hz. See figure 3 for a block 
diagram of the steering control section. If 
the pulse is 1 ms long, the servos stay where 


NORTH STAR 16K RAM 
A star from our Horizon 
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The North Star 16K RAM board is a star performer 
in our HORIZON computer. Just as important, it is the 
ideal memory for most other S-100 bus systems. No other 
RAM board can surpass the speed, reliability, and quality 
features of the North Star 16K RAM at any price. 


SPEED — The North Star 16K RAM is the fastest S-100 
bus memory board available. No wait states are required, 
even with a Z80 at 4MHz. And, of course, this outstand- 
ing 16K RAM will operate with both 8080 and Z80 proc- 
essors at 2MHz. Industry standard 200ns dynamic RAM 
chips are used. Invisible on-board refresh circuitry allows 
the processor to run at full speed. 


RELIABILITY — The North Star 16K RAM is designed to 
match the same high standards as our MICRO DISK 
SYSTEM and HORIZON computer, For example, all ad- 
dress and data signals are fully buffered. A parity check 
option is available with the 16K RAM for applications re- 
quiring immediate hardware error detection. If a memory 


AJORTH Star 
2547 Ninth Street - Berkeley, California 94710 - 
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error occurs, a status flip/flop is set and an interrupt can 
inform the processor. Or, if preferred, an error status 
light will go on. 


FEATURES — The North Star 16K RAM offers many de- 
sirable features. Addressability is switch-selectable to 
start at any 8K boundary. The board can perform bank 
switching for special software applications, such as time- 
sharing. Also, bank switching can be used to expand the 
amount of RAM beyond 64K bytes. Power consumption 
is minimal — the maximum power requirements are: 
.6A @ 8V; 4A @ +16V, and .1A (9 -16V. 


PRICES — $399 kit. $459 assembled, tested and burned- 
in. Parity option: $39 Kit. $59 assembled, tested and 
burned-in. 


Write for free color catalog or visit your local computer 
store. 


ComPuUTERS 
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Photo 4: An overall view of the Tee Toddler taken from the side. Radio 
antennas and three levels of electronics on board are visible. The drive power 
source, a Geli rechargeable battery, is at the right, with the front of the 


vehicle towards the left in this photograph. 
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Figure 3: Steering system block diagram. Three bits from the 2-80 are de- 
coded by a TTL decoder which implements a simple weighted resistor digital 
to analog converter. The output of the converter is filtered to prevent sudden 
changes and, in turn, sets the pulse width seen by the two servos. The servos 
are Heathkit radio control devices which have a 5 pound thrust and a 1.5 


second full range response time. 
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they are; if it is longer or shorter, they move 
the wheels left or right. The servos are 
Heathkit radio control modules with five 
pounds of thrust. The change in pulse width 
seen by the servos is electronically filtered 
since the command from the computers can 
change from far left to far right instan- 
taneously while the servos take about 
1.5 seconds to pull the wheels from full 
left to full right. 


Motor Control 


The motor speeds are given by the num- 
bers 0, 1, 2 and 3 which are decoded to stop, 
slow, medium and fast. There is also a for- 
ward and reverse bit, thus making a total of 
7 motor states controlled by three binary 
digits. The motor control pulse width cir- 
cuit works the same as the steering control 
circuit, except that the pulse change is not 
filtered. The motor is a 0 to 13 VDC "pan- 
cake" motor with a built-in 25:1 gear re- 
duction. The rear axle differential gear 
ratio is 1:1. The motor's speed is controlled 
by the pulse width of the 12 V 700 Hz 
pulses being sent to it by the control circuit, 
Forward and reverse directions are con- 
trolled by a relay. The motor draws a 
current of about 1/2 A when the car is 
cruising at 1 mph (1.6 kmph). Since the 
motor is a highly reactive load to the sharp 
edges of the control pulses, the motor is 
optically isolated to eliminate interference 
with the logic circuits of the on board Z-8Ü 
system. Power amplification to drive the 
motor is accomplished after the isolator. 


Sonar System 


The sensing of objects in the car's path 
was originally intended to be done with light. 
This is difficult since objects with different 
textures at the same distance from the car 
would reflect different amounts of light. 
Pulsed infrared did not have the necessary 
intensity, and radar was ruled out because 
it would detect only metal objects. The 
existence of the National LM1812 sonar 
integrated circuit was probably the major 
factor enabling use of this sensor system. 
With this system the car is able to distinguish 
between obstacles to its left or right and can 
navigate between obstacles spaced only 
slightly farther apart than the car's width. 

The sonar unit on the car transmits à 
] ms pulse at 40 kHz every 10 ms from a 
transducer mounted in the center of the 
car's front end (see photo 2). The echo is 
received separately on the right and left by 
two receiving transducers. Since there is 
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The first 16 issues of BYTE — 


September, 1975 through December, 1976 — 


in two gold embossed hard cover volumes. 


$100 9 


complete set — 
two volumes 


These individually numbered sets are person- 
ally signed by Carl T. Helmers, Jr., Editor-in- 
Chief of BYTE. 


As only 100 sets will be offered for sale, orders will be han- 
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really only one sonar transceiver, the receiv- 
ing transducers are multiplexed with field 
effect transistors to the receiver for three 
cycles of transmit and receive each. The 
count of the elapsed time between transmit 
and receive for each cycle is also multi- 
plexed into the left or right output latch 
to be ready by one of the computers. A 
block diagram of the sonar system is shown 
in figure 4. 

Since sound in air travels at about one 


Sonar Ranging Terms: Derived Quantities to Be 
SONAR 

Found REFLECTING 

, i . OBJECT 

8 = Angle of object relative to forward direc- 


tion. 
To = Time of transit out to object (equivalent 
to a distancel. To is one side of both left 


and right path triangles. 1 ` 


Note: Using the law of cosines, and the two mea- 
surements, the algebra gives two equations (left 
and right signal path triangles) which can be \ 
solved exactly far two unknowns (Ts and angle 8). 


receiver (equivalent to a distance). Tg is 


sound pulse and thus controls a count measured in a 4 
bit range counter. Given the two measurements of 
distance R and L, the known base line B, the relation- 
ships R = Tg + TR and L = To + T, it is possible to 
apply the plane trigonometry law of cosines (a2 = b2 
+ c2 - 2bc COS (A)) to calculate the distance to the 
object To and the angle 0. 
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Sonar Ranging Terms: Measured Quantities \ 

B = Half the total distance between the two en To 
receivers. This forms one side of the \ y 
triangles used with the law of cosines. i 

R = Measured transit time, transmitter to I" 
object to right receiver. H 7^ T4 * Tg n » 

L = Measured transit time, transmitter to \ 
object to left receiver, La T, + Ty 300-8 

Sonar Ranging Terms: Miscellaneous M 

90-4 = Included angle used in law of cosines 
applied to left triangle. 

90-8 =Included angle used in law of cosines RECEIVER 
applied to right triangle. 

TL = Time of transit back from object to left 
receiver (equivalent to a distance). T, is 
one side of left signal path triangle. 

TR = Time of transit back from object to right 


RANGE 
LATCHES LEFT 


foot per ms and a pulse is transmitted each 
ten ms, the maximum range is about five 
feet, which proves quite adequate. If no sonar 
echo is received, then the output latches are 
automatically loaded with the count 7, the 
maximum range possible. This is decoded by 
the computers as no object and thus no path 
correction is made. The sensitivity of the 
receiver is adjustable with a trimpot on the 
main deck, thus allowing different distance 
resolutions. 
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Figure 4: Block diagram of the Tee Toddler's sonar 
system. The heart of the sonar system is the National 
Semiconductor LM1812 Sonar Transceiver Circuit, 
which generates the sound pulse, detects a returning Er 
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Now you don't have to be a programmer to use 


1 At last there's a reliable, professional source of useful and entertaining programs for 
your com puter! your personal computer. The G/2 Program Library from GRT unlocks the full power 
of your personal computer. Without any programming knowledge on your part. 

The G/2 Program Library consists of applications programs pre-recorded on cassette tapes. A detailed manual with each 
cassette provides complete instructions. And G/2 programs contain prompting instructions. So they're easy to use every step of the 
way. Just load the tape and G/2 puts your computer to work. 

The first three G/2 program tapes are available now: For exciting family games, get Beat the House. You'll find Blackjack, 
Craps, Roulette and Slot Machine programs, with truly random chances and realistic, casino-like payoffs. 

Interested in your health? You'll want Clinic. Biorhythms, Dieting and Longevity programs give you new perspectives in health 
and happiness, along with some pleasant guidelines to follow. 

Need a better handle on your money? Buy Dollars & Sense. 
Checkbook is a comprehensive program to balance your account and 
keep within your budget, while Best Choice is a novel way to make 
decisions based on the facts you know and the relative importance of 
each. Use it for everything from choosing a new car to selecting 
your next stereo. 

Soon, every dealer that handles personal computers will stock the 
G/2 Program Library. For the G/2 dealer nearest you, call us toll-free at 
800/538-1770. (In Califomia, 800/662-9810.) And if your favorite 
computer dealer doesn't yet offer G/2, have him call the same number. 

Soon you'll see G/2 program tapes in many other fields of interest. 
The G/2 Program Library is now available for use with SOL, SWTPC, 
Exidy, TRS-80 and Apple personal computers. Just select the package 
marked for the computer you own. 


Start building your G/2 Program Library now. And put the full 
power of your computer THE REASON 


to work for you. YOU BOUGHT ^ 
YOUR COMPUTER. - 


A produci of GRT Corporation 
Consumer Computer Group 

1286 North Law awrence Station Road 
pert er California 94086 
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Figure 5: Block diagram of the Tee Toddler 
computer systems. The PDP-11] is a large 
system which is immobile; it communicates 
with the mobile Z-80 in the Tee Toddler car 
using FM data links at separate frequencies. 
The FM transmitters and receivers convert 
binary data into a series of transmitted 
frequency encoded modulations and vice 
verse. 


This type of sonar system is really a 
minimal one. Doppler shift detection could 
also be accomplished fairly easily to allow 
determination of speed of a moving obstacle. 
Echo amplitude analysis would also be worth 
investigating since it would help solve the 
problem of echo frame overlap; such overlap 
exists when an echo from the previous 
sounding returns late, after bouncing off a 
far away object, resulting in two echos for 
the current frame. The strongest of the two 
(or more) echos should be taken as the true 
one, The fee Toddler's system triggers a 
9 ms oneshot on the first echo thereby 
ignoring all secondary echos. 


Radio Data Links 


An encoder transforms parallel bits into 
serial tones to be transmitted over a fre- 
quency modulated channel. One channel 
is from the Tee Toddler car to the PDP-11 
computer at 96 MHz. The other channel is 
from the PDP-11 computer to the car at 
450 MHz. The serial data encoder and 
transmitter at the PDP-11 base station are 
essentially identical to the car's versions 
except for the number of bits per word of 
data. A two-tone modulation system is 
used. This means that each binary state is 
encoded into one of two different Irequen- 
cies for transmission. At the modulator a 
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logical 1 is represented by a 2500 Hz signal 
and a logical O is represented by a 1900 Hz 
signal. 

The receiver and data decoder accepts the 
string of audio tones from the FM receiver, 
decodes them into 1s and Os using phase 
locked loops and converts back to a parallel 
data format. While our prototype did not 
use standard circuitry, a standard asynchro- 
nous serial communications discipline such 
as that provided by a UART or ACIA would 
work well in this application. 


Power Sources 


The power for most circuits is derived 
froma 12 V 4.5 Amp-Hour GeLi cell recharge- 
able battery. The battery was drilled and 
tapped at 8 V to power a 5 V regulator for 
the TTL circuits and for the Z-80 micro- 
computer. The steering servos required 
their own set of four penlight batteries (also 
rechargeable), and the 1702 read only mem- 
ory holding the Z-80 program required a 
separated —9 V supply, derived from three 
parallel transistor radio batteries. This power 
supply system is capable of running the car 
for several hours before any recharging is 
necessary. 


Computer Control 


As has been mentioned, the car is con- 


trolled by two separate computers. The com- 
munication paths between the computers 
and the car are shown in the system diagram 
of figure 5. In actuality, only one of the 
computers can communicate with the car at 
à time. This is the case for several reasons. 
First, there are only three control inputs to 
the car to make it operate. These are the 
speed, direction and steering controls. Since 
these inputs can originate at either com- 
puter, a multiplexing scheme had to be used. 
Second, only the PDP-11 actually makes 
decisions based on sensor information 
from the car. The Z-80's control of the car's 
movements is more like a reflex action, in 
that it performs a canned routine when 
invoked by the car's sensors. Last, the func- 
Lions are separated to facilitate the transition 
to a total on board control system, since the 
PDP-11 can be replaced easily by another on 
board microcomputer. 

The motivation behind this configuration 
is based on several criteria. Since part of the 
system was going to be standing alone, some 
of the major considerations were power 
consumption, various power supply require- 
ments and ease of operation, With all these 
considered, it was decided that a Z-80 with 
its single 5 V power supply requirement and 
single phase clock was a logical candidate. 
The 16 bit PDP-11 was used because it could 
do computations at a greater speed than the 
8 bit 7-80. 

The on board microprocessor has several 
functions associated with the control of the 
car. One function is to supervise all data and 
conirol channels to and from the car. In 
other words, it has the responsibility of 
deciding whether the PDP-11 or the Z-80 is 
going to control the movements of the car 
and which of the two computers is going to 
receive the information from the car's sensors. 
The routing of these different channels of 
information is accomplished by the use of 
data selectors. The Z-80 controls the data 
selectors such that the information is routed 
to the correct device at the correct time. 
Information coming in to the car to control 
its movements comes from either the 
PDP-11 or the microprocessor. It comes 
from the PDP-11, over the radio link, if the 
car's sensors indicate one of the following 
conditions: 


€ The car has reached the source light. 

9 An object has been detected by the 
sonar system on either the left or the 
right, 

* Thecar has spotted the source light. 


The PDP-11 then analyzes these condi- 
tions according to the hierarchy of impor- 
tance, as is shown in the decision tree of 
algorithm 1, and then communicates to the 


START 


STOP CAR, 
RECEIVE 
MOVEMENT 
VECTORS 
FROM 2-80 


CONTINUE 
PRESENT 
COURSE 


ADJUST CAR 
PATH 


ACCORDINGLY 


Algorithm 1: The buse computer's executive program in outline form. This 
decision tree is executed in the PDP-11 each timea car sensor word is received. 
If uny of the tests results in an affirmative answer, the program executes a 
routine designed for that specific state. Each routine takes into account 
past information of where the light was spotted. The sonar detection routines 
also take into account any objects which have recently been passed. These 
things are considered so that the car proceeds in the direction of the light 
and does not collide with any objects while moving in reverse. There is no 
specific way to stop the system except by interrupting the PDP-1 1 and issuing 
a control word to the car to stop it. 


car the appropriate movement corrections 
to make. Control information to the car 
originates from the 2-80 when one of the 
following car sensor conditions arises: 


€ Contact with an object has been 
indicated on either the left or right 
side by the front bumper. 

@ The car has lost sight of the source 
light. 


The microcomputer controls the movements 
of the car if either condition is met and then 
gives control back to the PDP-11 when it 
has finished its corresponding task. 

Another function of the on board micro- 
computer is Lo store all movement vectors 
associated with the car's path. These vectors 
indicate the steering angle, the direction of 
travel and the length of travel of the car. 
Therefore, when the car changes direction or 
Steering angle, a vector is stored in memory 
which correlates to how far the car traveled 
at the previous setting. Thus, when the 
task of finding the light is accomplished, 
the on board memory contains all the 
different moves the car made to reach 


August 1978 C HYTE Publications Inc 33 


E Augus, 197g 


Hazeltine Corporation, Computer Terminal Equipment, Greenlawn, N.Y. 11740 (516) 549-8800 Telex 96-1435 


EAST: N.Y. (212) 586-1970 [ \CENTRAL: Chicago (312) 986-1414 [ SOUTH: Atlanta (404) 952-8444 © :WEST: Burlingame (S.F.) (415) 342-6070 
ENGLAND: Hazettine Lid. 01-943-3111 Telex (851) 928572 GERMANY: Hazeliine GmbH 0611-590748 Telex (841418924 
FOR WORLDWIDE SALES INFORMATION CALL: (516) 549-8800 


Circle 156 on inquiry card. BYTE August 1978 35 


YES 
BUMPER 
RIGHT 


BUMPER 
LEFT 
? 


COURSE 
CHANGE 
? 


DUMP 
TRANSMIT 
MOVEMENT 
VECTOR 


BACK UP, 
THEN FORWARD 
PAST OBJECT 


BACK UP, 
THEN FORWARD 
PAST OBJECT 


STORE 
MOVEMENT 
VECTOR 


BACK UP 
UNTIL SEE 
LIGHT THEN 
FORWARD 


Algorithm 2: The mobile computer's executive program, in outline form. In 
the initialization procedure the Z-80 sets up the memory areas, resets the 
wheel rotation counter and sets the data selectors for the PDP-11 to control 
the car and the car sensor status word to be transmitted to the PDP-11. The 
processor then awaits an interrupt. When the Z-80 is interrupted, the tests are 
executed in this order. After each routine is completed, control is returned to 
the PDP-1]1. 
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the light. With this information the car 
has a new path calculated for it by the mini- 
computer. This path allows the car to drive 
to the light from the same starting position 
without the use of any of its sensors and 
without having to maneuver around a single 
object, since it already knows where they 
are located. In a very loose sense then, the 
system has learned about its environment 
and used this knowledge to improve its pro- 
ficiency at the task of finding the source 
light, much like a mouse in a maze. 

The last major function of the micro- 
computer is to pass the movement vectors 
to the PDP-11 once the car has reached 
its destination. This is accomplished by 
having the minicomputer issue a "dump" 
command signal over the radio to the Z-80. 
Using a handshake system, the Z-80 sends 


the movement vectors to the PDP-T1 one 
at a time. The decision hierarchy of the Z-80 
program is shown in algorithm 2. 


PDP-11 Base 


The PDP-11 minicomputer is the actual 
brain of the system. It has the ability to 
decide where to move the car in order to 
approach the light and yet avoid objects on 
the way. Inputs to the PDP-11 come from 
either the car's sensors or the microcomputer 
memory. If the inputs are from the car they 
indicate the current status of the sonar left 
and sonar right sensors, the 360 degree 
rotating eye and the source light intensity 
monitor. These are processed according 
to the following hierarchy. First the source 
light intensity monitor signal is checked to 
determine if the car has reached its destina- 
tion. This indicator is checked first because 
it will indicate if the total task has been 
accomplished. If this condition is true, 
the PDP-11 computer sends a message to the 
car telling it to stop and telling the Z-80 to 
start unloading its memory of movement 
vectors. The handshake system used is initi- 
ated by the car informing the PDP-11 base 
computer that the car has reached the light. 
The minicomputer then informs the micro- 
computer to start unloading the memory, 
at which time the minicomputer checks 
each incoming vector to determine if it is 
the last. If not, the PDP-11 asks for another 
vector to be transferred. This continues 
until all vectors are transferred. 

Second, the sonar sensor inputs are 
examined to see if any objects are being 
detected. |f an object is detected, then a 
special routine analyzes the situation accord- 
ing to which side the object is detected 
and how far away it is. If the object is far 
enough away for the car to maneuver around 
it without having to back up, then the PDP-11 
commands the car to steer to the left or 
right, whichever is appropriate, to avoid the 
object which is in the way. If the object is 
detected by both sensors, then the side 
which detects it as being closer overrides 
the other. In the event that the distance 
measurements are equal, the computer 
arbitrarily chooses the right side as having a 
higher priority, Obstacles detected at a 
range too close for the car to maneuver 
around while proceeding forward cause 
the car to back up. Àn obstacle detected 
at a very close range on the right causes the 
car to back up. However, the steering 
position for this movement depends on 
whether the car was steering to the left, 
right or center. If the car was proceeding to 
the right, then it must know, from a previous 
sensor reading, that the source light is to the 
right. If this is the case, the car backs up 
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Figure 6: This diagram illustrates paths the car can make when confronted 
with typical situations. Assume the car [s moving straight and forward and 
detects the light in either the number 2 or 4 position. The PDP-11 has control 
and moves the steering to the right and backs up for a certain distance, If the 
fight was spotted in position 4 the car proceeds along path A with the steering 
set back to the center. But if the light was spotted at position 2 the car moves 
along path B with the steering set to the left. If the light had been spotted at 
position 1, almost directly behind the car, the maneuver would also have been 
along path B. However, since it would not be able to approach the light at a 
very straight angle, it would have to back up again and set the steering for a 
more direct path. 
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with the steering set to the left. After backing 
up for a certain amount of time, the car 
changes the steering to the right and pro- 
ceeds forward. This causes the car to maneu- 
ver around the obstacle and also sets it on a 
better path to the source light. In effect, the 
car has used past knowledge to evaluate the 
present situation. If the steering had been to 
the left originally, then the computer would 
set the steering to the right, The car then 
proceeds in reverse for a given amount of 
time and then changes its steering position 
to the left and proceeds forward for an 
additional period of time. This action makes 
the car maneuver around the object and 
along a better path. An original steering 
position in the center again causes the right 
side to override the left. Although all these 
controls and decisions are handled by the 
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minicomputer, the results do incorporate 
the use of the on board microcomputer. 
The microcomputer is used to store all 
movement vectors pertaining to all direc- 
tion or steering changes, This is accomplished 
by having the PDP-11 computer issue a 
course change signal to the 2-80 at the 
same time it issues the new control word 
to the car. The Z-80 on board computer 
then stores the previous movement vector 
in memory, then returns control to the 
minicomputer. 

The third sensor readings used by the 
PDP-11 are the values from the rotating 
eye. These sensors indicate where the 
light is located with respect to the current 
position of the car as shown in figure 2. 
Basically, the world, as the car sees it, has 
been divided into 16 windows, each allowing 
a different view of the horizon. A number 
has been assigned to each separate slice, thus 
giving an easy identification and recognition 
scheme for evaluating the position of the 
source light. For example, the semicircle in 
front of the car has nine windows associated 
with it, four to the left, four to the right, 
and one for the center. Thus, since straight 
ahead has been declared as having a value of 
8, then the far left becomes 4 and the far 
right becomes 12. Therefore, by examining 
the value, the computer can tell where the 
source light is and then adjust the path to 
proceed in that direction. If the light is 
spotted in the forward semicircle between 
values 5 and 11, the course adjustments are 
quite straightforward. The steering is merely 
positioned so as to point the car in the 
direction of the light. 

However, if the light is spotted in the 
aft semicircle or to the extreme sides, a 
different approach must be taken. Instead 
of having the car do a complete 180 degree 
turn, we decided to have the car perform 
several backward and forward movements. 
By doing this we reduced the possibility 
of contacting objects by reducing the space 
needed to perform the maneuvers. For 
example, if the light is detected in the num- 
ber 1 through 4 windows, the computer 
backs the car up with the steering set to the 
right. The distance it backs up depends on 
which window the light was spotted in. For 
example, if it was spotted at position 4, the 
extreme left, then the car would back up 
far enough so that when it stopped it would 
be facing directly toward the light and could 
then proceed in a straightforward direction 
(path A in figure 6). If, however, the light 
had been spotted more to the rear, the car 
would back up a bit further and then have 
the steering set to the left position and pro- 
ceed forward. The exact opposite action 
would have taken place had the light been 
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spotted on the opposite side. Once again the 
on board computer would have been inter- 
rupted to store all course changes associated 
with the maneuvers. The problem of running 
into objects while proceeding in reverse is 
actually of minimal concern due to this 
method of reaching the light when it is 
spotted in the rear, If there had been an 
object there it presumably would have been 
detected and the path adjusted accordingly. 
However, this adjustment would not have 
been made without taking into account 
where the light was being spotted. Since 
this is the case, it is not possible for the car 
to be turning left or right in a forward direc- 
tion if the light is actually behind the car. 
If, however, the light has not been spotted 
yet, then it is feasible that the car can run 
into something in its reverse move, since no 
attempt is being made to look back into the 
movement vector memory to determine if 
an object has just been maneuvered around. 
The final function of the minicomputer is 
to stop the car once it has reached the 
source light. This is accomplished by detect- 
ing the source light intensity monitor bit as 
it changes to the active state, Once this 
occurs the minicomputer stops the car and 
at the same time initiates the handshake 
operation with the on board computer to 
start the transfer of the movement vectors. 
The minicomputer stores these vectors as 
they come over the radio until ali have been 
passed. The last vector is actually a null 
vector, or all zero, which indicates all vectors 
are transferred, The minicomputer now 
does one of two things. |t can automati- 
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Figure 7: This diagram illustrates two dif- 
ferent situations of the car having contact on 
the right with an obstacle. The obstacle 
size is exaggerated for the sake of illustra- 
tion. The diagram on the left depicts the car 
steering to the left toward the light when 
it strikes the object. The Z-80 takes control 
and adjusts the steering to the right and 
backs the car up a certain distance. The 
steering is then set to the center position and 
the car proceeds forward. On the right, the 
car fs proceeding to the right toward the 
light. Here the Z-80 sets the steering to the 
left, backs the car up then adjusts the 
steering to the center and proceeds forward. 
In each instance the car maneuvers around 
the obstacle and on a path toward the light. 


cally plot out a new course for the car 
to take, or it can display the vectors graph- 
ically on a screen. With the latter method 
the user is able to see all the moves and 
recalculate a new path himself based on his 
visual perception of the path taken. The 
automatic method is simply a sequential 
analysis of the vectors by the computer. 
If the car makes a move in reverse the com- 
puter assumes that either an object was 
detected or the light was spotted behind 
the car. In either case the computer adjusts 
a move previous to this occurrence, thus 
allowing the car to anticipate the upcoming 
situation and act in accordance with the 
situation. By adjusting these movements 
prior to detecting the need to reverse direc- 
tion the computer has eliminated this need 
altogether and has thus "curved out" the 
path, making broad sweeping turns as 
opposed to jerky forward and backward 
movements, 


Microcomputer Functions 


The on board Z-80 computer provides the 
reflexes and signal control for the whole 
system, In the event that the car hits a thin 
object which is not detected by the sonar, 
a reflex action is invoked, much like a human 
response io a given stimulus. The various 
reflex actions this computer controls are: 
loss of sight of the light and touch stimulus 
from either sides of the bumper. To initiate 
a microcomputer routine for either the 
reflex actions or the control functions, one 
of the following interrupt inputs must 
become active: 


@ A signal from the front bumper. 

è A signal indicating loss of the source 
light. 

€ A course change. 

€ A request to dump the movement 
vectors. 


All these signals are ORd together, thus 
enabling any one of them to initiate an inter- 
rupt. When the Z-80 is interrupted it interro- 
gates an external buffer to determine which 
condition caused the interrupt. The program 
(see algorithm 2) then checks each bit, one 
at a time, to determine which one is active. 
If more than one is active, it only processes 
the first one checked which is active. If none 
of the lines is active, then the program 
defaults to the dump line being active. Upon 
determining which stimulus is active the pro- 
gram executes a specific routine for that 
particular interrupt. 

The bumper right and bumper left routines 
are essentially the same except for the steer- 
ing positions being reversed. If contact is 
detected with the right side of the bumper, 
the Z-80 receives an interrupt and the car 
automatically backs up. Figure 7 illustrates 
the bumper reflex. The direction in which it 
backs up depends on the direction it was 
travelling when it collided with the object. 
If the steering was set to the right, then 
it must have previously detected the source 
light to the right (see right illustration in 
figure 7). Then, in order to maintain this 
general direction, the car backs up with the 
steering set to the left. After backing up for 
a certain time the car sets the steering to the 
right and proceeds forward past the object 
and toward the light. Although this setting 
is not a direct heading toward the light it is 
in the general direction and it has avoided 
the object. 

If the direction of travel was to the left, 
(left illustration, figure 7) then the car backs 
up with the steering to the right and then 
proceeds forward with the steering set to 
the center. All steering actions would simply 
be reversed for a contact on the left. There- 


POSITION A 
(LIGHT OBSCURED 
BY OBSTACLE) / 


POSITION B 


BACK UP ALONG 
CURVE WITH N / \ 
* CENTER TO LEFT 


POSITION C 


Figure 8: This diagram illustrates the Z-80 
reflex for the case in which the car has lost 
sight of the light at position A. The Z-80 
instructs the car to do a reverse S turn, First 
it adjusts the steering to begin the turn and 
travel to position B. Then it adjusts the 
steering to have a center of curvature to the 
left and continues reverse travel to position 
C. At the end of the path, the steering 
is again set to the appropriate position for a 
course towards the light and the car resumes 
forward travel without its goal being obscured 
by the obstacle. 


fore it is easy to see that all the reactions to 
the stimuli are preprogrammed and always 
net the same result, thus they exhibit a 
reflex action, 

The other reflex action is quite similar 
(see figure 8). If the car is travelling in any 
direction and loses sight of the source light, 
then apparently what has happened is that 
an object has come between the car and the 
light, thus obscuring the car's ‘‘vision’’ as at 
position A in figure 8. Although the car 
knows the object is there, it cannot detect 
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its exact location. What the car does then is 
back up with the steering in the same 
position, then after a certain time it changes 
the steering to the opposite side and con- 
tinues to back up. It continues backing for 
another period of time and then sets the 
steering to the center and proceeds forward. 
This procedure causes the car to move to a 
new position where it can again see the 
source light. This again exhibits a certain 
reflex action controlled by the 2-80. 

Since these reflex routines involve many 
adjustments to the car's path, it is necessary 
to record all of these separate movements. 
Therefore, at the end of each segmented 
move the routines call on the course change 
routine to record the current wheel rotation 
count, direction of travel and the steering 
position. This course change routine can be 
called on from either the Z-80 through 
another routine or directly from the PDP-11. 
The routine reads a buffer register which 
contains the current number of wheel rota- 
tions at this particular steering and direction 
position, Once this vector is stored in mem- 
ory, the routine resets the wheel counter to 
zero in order for it to count the correct 
number of revolutions at the next steering 
and direction setting. The last function of 
the Z-80 is to transfer all the movement 
vectors from the on board memory to the 
PDP-11. As has been discussed, the Z-80 
responds to a request from the PDP-11 by 
sending the vectors on a last in first out 
basis, one at a time in correspondence with 
the handshake system. Once all vectors are 
passed the Z-80 reinitializes the car and 
passes control to the minicomputer, 

After any of these routines has been proc- 
essed the Z-80 returns control of the car to 
the PDP-11. 


Computer Design Specifics 


The microcomputer designed for this 
robotic application is equipped with only 
the bare essentials. The total system con- 
sists of 256 bytes of programmable read 
only memory, 1K bytes of volatile pro- 
grammable memory, three bidirectional 1O 
ports, one Z-80 microprocessor and one 8 
bit line driver. The read only memory is a 
1702 UV erascable part which contains the 
program. The programmable memory is 
made up of eight 2102 parts. The IO chip is 
an Intel 8255 and was chosen because of 
the number of ports available. 

When designing a dedicated system like 


this, one must keep in mind that the proba- 
bility of it working the first time is very 
nearly zero. Therefore, care must be taken 
to make the system as easy to debug as 
possible. This system was designed with this 
in mind and thus several additional functions 
were included in the design. A reset switch 
is installed on the computer board to aid in 
checking different functions of the system 
under the same circumstances. A single step 
switch is also located on the board. By using 
this, one can step through the program and 
examine different signals to determine their 
validity, The line driver was installed specifi- 
cally to allow the examination of the data 
lines. Included in the design are provisions 
for the addition of 1702 memory chips up 
to a total of 1 K bytes of program memory. 
Since the system was of a prototype nature 
it was built on a perforated board and was 
wire wrapped. Care was also taken in the use 
of the PDP-11. Before the final application 
program was written several simple test 
programs were written which checked out 
the two way radio links and the responses of 
the car to commands. With the test programs 
it was possible to enter commands at a termi- 
nal and control the actions of the car in a 
remote control fashion as well as to receive a 
continuous read out of the current status of 
the car's sensors which are used by the mini- 
computer. This proved to be one of the 
invaluable debugging aids of the overall 
system. 


Concluding Comments 


Projects involved with robotics are a logi- 
cal extension of microcomputer technology. 
The possibilities of building such dedicated 
"artificially intelligent" machines are almost 
limitless. It is not unreasonable to think that 
personal computer experimenters could build 
a robotic machine at home. However, a little 
forethought is worth a lot of time and effort 
in the end. Think about what the machine 
is going to do, and what is necessary to 
accomplish this. Build the system in modules 
which are easy to interface to each other and 
also easy to debug and repair. The capabilities 
of the machine are only bounded by the 
imagination of the designer. Perhaps the 
ultimate goal of a robotic machine is ta have 
it perform its designated task consistently. 

We think that Tee Toddler has proved 
an adequate fulfillment of that goal in the 
limited context of a light seeking mobile 
device. @ 


Memory Makes the Computer, 
Central Data Makes the Memory 


Memory is an important part of a computer 
system. So don’t even think of settling for a 
poor quality RAM board. Central Data offers 
carefully engineered 16K, 24K and 32K RAM 
boards to suit your needs. We take our RAM 
boards seriously, so should you. 

Reliability. Each one of our boards comes com- 
pletely assembled, tested and burned in. No 
fiddling with an infinite number of parts from a 
kit or costly investment in equipment to test 
your board. Each one of our boards is backed by 
a one year warranty to insure your satisfaction. 
Expandability. We offer a 16K RAM board 
with capacity to 32K. You can purchase a 16K 
board and expand later or buy a full 32K . 


| Please send me the following: Name 
| L1 16K RAM board ($289) Address 
O 32K RAM board ($475) City 


| [O additional information 
| enclose $ 
| Ul. residents add sales tax. 


Zip. 
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Performance. Unlike some dynamic memory 
boards, ours uses an invisible refresh that inserts 
refresh cycles between your computer's normal 
memory access cycles. This eliminates loss in 
performance of your computer with lengthy 
refresh cycles. 

Power. Our board uses less than one-half the 
power of a static RAM. 

Price. You can buy a 16K RAM board, com- 
pletely ready to use, for only $289. A full 32K 
RAM board is available for $475, or you can 
add on later for only $200. 


When you buy our memory board, you'll 
be buying the best equipment at the best price. 
Order yours today by mail or phone. 


| 
State ILLI m moi | 
| 


P.O. Box 2484, Sta. A 
Champaign, I1 61820 
(217) 359-8010 
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SYNCHRO SOUND 


ENTERPRISES, INC. 
One-stop shopping 
for Hardware and Software 


Everything you need in small computer systems with special emphasis 
on TERMINALS! Look at these units...compare price, quality, delivery, 
service...and you'll see why you don’t have to look anyplace else! 


LEAR SIEGLER ADM 3A TERMINAL 


€ Full addressable cursor ADM 3A 

9 Display format—24 lines Kit ....... $759.95 
of 80 characters per line ADM ad 854.95 

€ Communications rates—75 to qai oi : . 
19,200 Baud option......... 6 9.00 


® Computer interfaces 
ADDS REGENT 100 
VIDEO DISPLAY 


—EIA standard 
TERMINAL 
Display Format—80 characters per line by 24 
lines. 25th line reserved for terminal status. Re- Bi EMMDRIASQOSOnRAR BARA 
verse video, underline, half and zero intensity 


and blinking are all standard features. 


ra $1325.00 


TELETYPE MODEL 43 PRINTER 


€ 132 Characters per line 

e 110 or 300 Baud switch selectable 

€ Full keyboard 

€ RS 232C Serial Interface standard $1 299.00 


OKIDATA MODEL 22 9 125 lines per minute 
LINE PRINTER 132-column print line 
€ Upper/lower case 
€ 8 different 
character sizes 
€ 12 IPS paper slew 


Tractor Feed... $2449.00 
RS 232C Serial Interface... 37 9.00 


a. 


OKIDATA MODEL 110 
LINE PRINTER 
@ 110 CPS dot matrix 


Feed. $1199.00 
ress”... 1349.00 
RS 232C 

intertace ... 26 0,00 


Pa 


DECWRITER II 


€ 132 column printing 
€ 10-30 CPS 

9 Full keyboard 

9 Tractor feed 


$1495.00 
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SYNCHROSOUND 


ENTERPRISES, INC. 


CENTRONICS 761 PRINTER 
€ 300 Baud serial transmission 
iN 9 Bidirectional and incremental printing 
€ RS232, CCITT-V24, or 
current loop interface 
9 Baud selection (110/150/300) 


KSR with Keyboard....... $2025 .00 


Receive only version 


1895.00 


CENTRONICS 
703 SERIAL 
PRINTER 


elow  -— 


cost - Se 
of ownership 
® Bidirectional logic seeking printing 


® Microprocessor electronics 
® Excellent print quality $2805.00 
IMSAI 8080 MICROCOMPUTER 


€ Powerful € Low cost @ Easy to use 


With 22 Slot 
Mother Board 


$649.95 € Fully IBM 3740 media "LOBPTIDIRS 


699. 00 and format compatible SYSTEM 
® Full formatter a 

s Digital Systems 

ang Gui ler Dual Drive S elem 

HAZELTINE 1500 $2475.00 


VIDEO TERMINAL 
e 24 x 60 displa D] oua Densit 
ipe i ney TU val Density 
® Programmable ; unit Version 
brightness levels . 2745.00 
€ RS232 and = 
current loop 
and much more 


Assembied.... 


SPECIAL BUYS 


Vista V80 Floppy Disk System........... $619.95 
Cromemco Z-2 Kit ..... 2. cece er eee ee 565.25 
Compucolor 8001 ColorComputer...... 2595.00 
IMS 16K Static Memory .............086 525.00 
North Star Microfloppy Disk Kit......... 599.00 
North Star Horizon 1 Kit... 0.0.20... 20s 1499.00 
North Star Horizon 2 Kit .......... cae 1899.00 
Javelin 9” Video Monitor............... 159.95 
Livermore Modem Model 76............ 299.00 
Micropolis Model 1053MOD2 ......... 1799.00 
IMSAI AP44-44 Col. Printer Kit........ 299.00 
TDL Xitan Alpha1 Assembled ....... 


HAZELTINE MODULAR 1 
INTELLIGENT TERMINAL 
® 1920 character display 
9 8 different video levels 
€ Full editing capability 
€ Removable keyboard 
and much more 


Assembled .... 


$1659.00 


We carry a full line of the following: TDL, 


SYNCHRO-SOUND ENTERPRISES, INC. 


Centronics, Seals, Hazeltine, Micropolis, Vista, 

Hayden, IMSAI, Cromemco, Digital Systems, M computer People 

Compucolor, Icom, Lear Siegler, Okidata, 193-25 Jamaica Avenue, 

DEC, Javelin, North Star, Peripheral Vision. Jamaica, New York 11423 

Same day delivery and shipping on most 212/468-7067 TWX: 710-582-5886 

items. Full modern repair facilities on Hours 9-4 daily Visit ournew showroom 
premises for complete servicing of and Saturday Working units on display 


everything we sell. Dept. BBB BankAmericard « Master Charge 
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For Your SWTP 6800 Computer... 


shippin 
eg p 


only Hgg 


The LFD-400 is ready to plug in and run 
the moment you receive it. 
Nothing else to buy! Not even extra memory! 


YOU GET: 

@ The popular Shugart SA 400 Veiis drive. Drive alignment 
is double checked by PerCom before shipment. 

@ The drive power supply—fully assembled and tested. 

© LFO-400 Controller/Interface — plugs into the 85-50 bus * 
accommodates three 2708 EPROMs = fully assembled and tested. 

© MINIDOS" —the remarkable LFD-400 disk operating system on 
a 2708 EPROM * plugs into the LFD-400 Controller card * no 
extra memory required ° no “booting” needed. 

Attractive metal enclosure. 

© Interconnecting cable —fully assembled and tested. 

© Two diskettes—one blank, the other containing numerous 
software routines including patches for SWTP BK BASIC and the 
TSC Editor/Assembler. 

© 70-page instruction manual— includes operating instructions, 
schematics, service procedures, and the complete listing of 
MINIDOS™. 

(8$) Technical Memo updates—helpful hints which supplement the 
manual instructions. 


@ 90-day limited warranty. 
Minilloppy is a trademark ol Shugart Associales. 
MINIDOS is a trademark ol PERCOM Data Company, (nc. 


The LFD-400 is readily expanded to either two or three drives. 
Write for details. Send for our free brochure for more informa- 
pe ed the LFO-400 Floppy Disk System and LFD-400 
Software. 


To save you money, the LFD-400 Floppy Disk System is avallable 
only from PerCom. Because of the special pricing, group and 
dealer discounts are not available. 


MC and VISA welcome. COD orders require 30% deposil plus 5% handling charge. Allow three 

extra weeks if payment is by personal check. The LFO-400 Floppy Disk System is available 

immediately. Allow three weeks for testing and transportation. Texas residents add 5% 
tax. 


peripherals ior personal comput: 
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Languages 


Forum 


A Homebrew 
Pascal Compiler 


Herbert Stein 
Sterzingerstrasse 18 
8200 Rosenheim 
Germany 


Using Pascal as a language for systems 
programming at Fachhochschule Miinchen, 
my interest in Pascal grew to the point where 
| decided to write a compiler for myself. Be- 
gun last October, the syntax analysis stage, 
which was built up with recursive procedures, 
was written in two weeks, During the next 
few weeks | tested the program on a Cyber 
175, having troubles with the original imple- 
mented Pascal compiler at first. On the 15th 
of November | received the first error free 
listing, but had to stop testing possible errors 
because some lectures and a computer graph- 
ics program had higher priorities. In the 
meantime, | worked out some of the next 
steps in theory. 

During further expansion (which means 
space allocation, code generation and file 
handling), there are some potential difficul- 
ties: 


€ The MicroPascal compiler has to pro- 
duce an optimized code, which allows 
real time applications and systems pro- 
grams written in a high level language. 

€ The compiler needs features like gar- 
bage collection and dynamic space al- 
location for recursive subroutines or 
variable type declarations to keep the 
amount of runtime storage as small as 
possible. 

* No existing monitor is able to run a 
language like Pascal efficiently. (The 
TDL system monitor board presented 
in the April 1978 BYTE seems to be 
headed in this direction.) Sol will have 
to write a new operating system or 
transform an existing one to allow su- 
pervisor calls, IO interrupts, process 
handling and hardware interfaces for 
Teletype, video display and mathe- 
matical functions. 


e The processor, which has to run the 
produced object code, should have bit 
instructions (like the Z-80), for han- 
dling set types. The Cyber 175 uses a 
60 bit word for set types, which per- 
mits up to 59 elements in Boolean sets. 
The 8 bit words of microprocessors, 
which allow sets of up to eight ele- 
ments, aren't sufficient for a compiler 
implementation. (I have had troubles 
during testing of the program on the 
Cyber 175 because | used a set type 
with 60 elements. ! took a long time 
to discover my mistake after counting 
the set elements.) 

è Should the compiler writer allow a 

GOTO in a language or not? If so, the 
user is able to leave a number of pro- 
gram blocks without being concerned 
about missing management routines, 
which are activated automatically at 
normal block ends. 
If the GOTO isn't allowed, the pro- 
grammer has to write structured pro- 
grams, using Special instructions like 
repeat. ., until or while... do, and 
couldn't leave begin . . . end blocks 
arbitrarily. Each block is closed with- 
out additional program management 
for controlling unpredictable (at com- 
pile time) GOTO statements in object 
code. 

e The last problem is that | don't own a 
microprocessor system, but intend to 
buy a small Z-80 system this month or 
next. Being familiar with instruction 
sets and operating systems of large ma- 
chines, like Interdata, or larger ones, 
like the IBM 370, | have little experi- 
ence with microprocessor systems. 
Some time will pass until | can build 
up and expand the microprocessor to 
be able to run cross-compiled Z-80 
object code. 


Working as a cross-compiler on the Cyber 
175, my compiler will translate itself to a 
loadable form for a microprocessor system. 
If possible, | want to design another syntax 
analyzing stage. The compiler would pick up 
routines and expected sequence symbols 
from a table, which would contain the syn- 
tax description, depending on scanned input 
symbols. This technique would make error 
recovery much easier, because set types for 
sequence symbols would no longer be 
needed. 

| hope to find people like Stephen P 
Smith, who are interested in an implementa- 
tion of a Pascal compiler for microprocessors 
and who will inform each other personally 
or through BYTE's Languages Forum, be- 
cause it seems impossible for individuals to 
tackle such a project. 8 
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versatility and control 
ip. 
'DIue boards'...and 
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II 
MWIN 


MT1 15 stot Mother Board 


Only $9.00 rd Only $46. 
With Connactor $13.50 in Connectors $105.00 


a" 


B4 4K Static RAM (low power; VB18 Video Boa! 
Kt $129.95 ‘ A KH $149.95 


4K EPROM (1702A 
Kit tesa PROM'a $05. ' ^ CT €! 
2K—$105.00/4K —$145.00 
MB? 16K Static RAM (low power 
Kit $449.00 ‘ ) 
We're the blue boards! 


Compare the Cybercom blue boards with any others on the market 
today. You'll find exceptional quality plus prompt delivery and 
significant cost savings. All Cybercom kits are guaranteed 90 days 
for parts and labor. 


Contact your local computer hobbyist store or write for details. 


© Solid State Music 


2116 Walsh Avenue, Santa Clara, CA 95050 
Telephone (408) 246-2707 
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We're looking 
for an 
endangered 


species. 


We're looking for the 
rare bird who doesn't have his 
or her head in the sand. 

We're looking for a few free 
spirits to help us build Sol 
small computer systems in one 
of America’s loveliest areas, 
the Amador Valley, about 30 
minutes southeast of 

San Francisco. 

Only three years old, 
Processor Technology Corpor- 
ation is a pioneer in the 
microcomputer business. We 
build the best small 
computer systems there are 
and will continue to do so. 
Our plan calls for new and 
even better systems. 

We need a few really 
good people to help us meet 
the plan. We're building 
a tight-knit group of original 
thinkers who can help us 
developnew hardware andsoft- 
ware and bring these products 
to market. Our thinkers better 
be doers, too. Our doers have 
complete project responsibility 
from definition to pilot 
production. 

We have, of course, most 
of the usual benefits. We're 
working on the unusual. Even 
more important than the 
benefits is the opportunity for 


you to be you and to see the 

tangible results of your efforts. 
The future of computing 

is personal computing. and we 

hope it's your future, too. 
Right now we have 

openings for: 


Engineers for 
Design, Project 
Leadership, and 
Product Test 


Technicians for 
R & D, Marketing 
Support, and 
Production 


Senior Technical 
Writer/Editor 


For immediate and 
confidential consideration, 
stop by, phone or send 
your resume to our Personnel 
Department. We interview 
and receive calls between 1 and 
5 PM daily. 


Processor Technology 


Processor Technology Corporation 
7100 Johnson Industrial Drive 
Pleasanton, CA 94566. (415) 829-2600. 
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Clubs sad 


Newsletters 


Conducted by Laura Hanson 


The Alliance OH Microcomputer Club 


The Alliance Microcomputer Club is 
a recently formed organization located 
in Alliance OH. According to Gury S 
Fix, president, the group's goals are 
“to provide individuals in the Alliance 
area with the opportunity to share 
interests and experiences in. exploring 
microcomputers as a hobby, career, 
social activity or curiosity.” Meetings 
are held an the first Tuesday of each 
month at 7 PM, For further intormatiun 
about this new «club, contact. Gary at 
3883 Norwood Av, Alliance OFF 4601, 
or call him at (216) 823-8996. 


SC/MP and SC/MP-II Users Group 


Tom Bohon of Omaha NB has in- 
formed us of a SC/MP and SC/MP-II 
Users Group which has been formed. 
Members may take advantage ol a 
library of both sottware and hardware 
information available on a cust basis. 
In addition, a bibliography of SC/MP 
articles, advertising, programming hints, 
etc, is available lo members lor the 
reproduction cast. The construction 
ol a homebrew system based on the 
SC/MP-11 is also in the planning. 

No dues or fees arc involved. How- 
ever, in. order ta receive the monthly 
newsletter, send a sell-addressed stamped 
envelope to Tom Bohon, 22715-A Walker 
Dr, Omaha NB 68123. 


North Orange County Computer Club 


According to Gury S Dickinson, the 
North Orange Computer Club is alive 
and well in Southern California. The 
correct. mailing address is POB 3603, 
Orange CA 92655 and the phone num- 
ber is (714) 998-8080. 


KIM-1 Users Group 


Anyone inerested in forming a KIM-1 
Users Group in the San Fernando Valley 
area of California should write Jim 
Zuber, 20224 Cohasset #16, Canoga 
Park CA 91306, or call (213) 341-1610. 


COSMAC.-1802 Users Group 


We have been notified by Patrick 
Kelly that a COSMAC-1802 Users Group 
i$ being formed for the purpose of 
corresponding, exchanging software and 
ideas and possibly publishing a news- 
letter. Membership is free and individuals 
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BUYING HARDWARE 


Photo courtesy of ComputerLand of Son Francisco 


Computerland, the DP Department Store. 
Hazeltine & Diablo on Display. 


Time was, buying hardware meant dealing factory 
direct. Then came the distributor, or factory indirect. The 
phone /mail order ad reads, “15% off?’ 15% off what? Delivery 
schedule maybe. After sales service perhaps. The only real 
savings just might be the Toll Free number in the ad. 

Now there's an alternative. Introducing ComputerLand, a 
national network of DP equipment stores, with outiets across 
the notion. This means you, and the DP director, programmer, 
general manager or purchasing agent can take a quick ride 
across town, try out working equipment in a user environment, 
make product comparisons, then drive off with the hardware of 
your choice. And. still be back in time for the aftemoon coffee 
break. 

Below is a sampling of the quality business information 
products. from more than 60 manufacturers of micro and mini- 
computer systems and peripherals, available for you to try out, 
buy orlease and take home today from ComputerLand. 


» HAZELTINE 1500 


D 24 X 80 Display (upper/lower 
case) O High legibility 7 X 10 dot 
matrix O Teletypewriter format for 
alphanumerics plus numeric pad D Switch-selectable upper/ 
lower case O R S -232/C 20 ma.current loop interface 

D Switch-reversible video. 


DIABLO 1620-3 


D Hylype daisy wheel character printer 
O Full keyboard with numeric pad 


™ 
Com uterLaead O Microprocessor controlled O R S -232/C interface 
o 45 CPS Li Tractor feed O Internal power supply. 


14400 Catalina Street, San Leandro, CA 94577 (415) 895 9363 


Franchise opportunities avallable. © Copyright Computer ond 1978 
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Compilation and Pascal 


on the New Microprocessors 


August 1978 © BYTE Publications Inc 


Charles H Forsyth and Randall J Howard 
Computer Communications Networks Group 
University of Waterloo 

Waterloo, Ontario 

CANADA N2L 3G1 


We are concerned with the use of high 
level languages, and in particular Pascal, on 
microcomputer systems, We are most 
interested in the use of such languages for 
what is termed, on larger computer systems, 
systems programming. This includes writing 
code lo drive floppy disks, interpreters for 
APL or BASIC, or all those bits of code that 
people have until now written in assembler, 
and which in some way make their micro- 
computer systems friendly. 

Microcomputer users show a gencrally 
high level of sophistication, so it might be 
surprising at first that so much of their code 
is still written in assembler. The advantages 
of writing in a high level language have been 
often described in computing literature: 
programs can be made more portable; they 
exhibit better structure; and they are easier 
to write and debug. In addition, it is much 
easier to let a compiler worry about the 
efficiency of the object code; and deficien- 
cies of the object machine are hidden, With 
the 8 bit microcomputers like the Intel 8080 
and Motorola 6800, we feel that there is 
little choice but to write in assembler (or 
interpreter), since the facilities provided by 
their order codes are simply insufficient to 
support most high level languages. 

Compilation may be inappropriate for 
8 bit microcomputers, but it is the most 
attractive alternative for the hybrid 8 and 
16 bit microcomputers (such as the Motorola 
6809), especially with respect to eliminating 
most assembly code on these machines. We 
also fect that Pascal has facilities that enable 
a compiler to generate better code for such 
machines than might be expected from 
compilers for other languages. 

Jensen and Wirth provide the definition 


of and tutorial introduction to Pascal in the 
Pascal User Manual and Report. Aho and 
Ullman's book, Principles of Compiler 
Construction, provides an excellent descrip- 
tion of the clements of a compiler. 


Options 


Tiny BASIC, Tiny C, APL, and FOCAL 
are implemented on microcomputers with 
interpretive code, Interpretation has a num- 
ber of advantages. Since the interpretive 
language is highly specialized, it can be made 
compact. New macro operations can be 
added easily as time and experience dictate. 
Array and structure addressing and the block 
copying associated with array and structure 
assignment may be made particularly cheap. 
When interpreting array indexing, run time 
checks of the index values against the array 
bounds are possible (although often left out) 
at little extra cost. This is true of other kinds 
of debugging facilities as well, such as value 
traces or stack tracebacks. Both compiler 
and interpreter are easy to write, especially 
if the interpreted code implements a stack 
machine. Interpretation’s main disadvantage 
is that it is slow. 

An alternative to interpretation that 
alleviates this latter problem of speed some- 
what is threaded code, which has been 
described as "interpretive code which needs 
no interpreter" (see references 2 and 3). 
Rather than having a sequence of codes and 
an interpreter which reads them, calling out 
to theroutines implementing each operation, 
threaded code simply contains the sequence 
of machine addresses of the routines to proc- 
ess each operation. These routines, much 
like the code segments called by the inter- 


TARBELL SETS STANDARDS 
For Hobbyists and Systems Developers 


Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette 
Interface to be a microcomputer industry standard. Tarbell Electronics continues research and 
development to produce new and efficient components to fill hobbyists’ changing needs. 


| TARBELL 


bobbtiti SELL 


CASSETTE INTERFACE 


Plugs directly into your IMSAI or ALTAIR” 

Fastest transfer rate: 187 (standard) to 540 bytes/second 
Extremely Reliable — Phase encoded (self-clocking) 

4 Extra Status Lines, 4 Extra Control Lines 

37-page manual included 

Device Code Selectable by DIP-switch 

Capable of Generating Kansas City tapes also 

No modification required on audio cassette recorder 
Complete kit $120, Assembled $175, Manual $4 

Full 6 month warranty on kit and assembled units 


TARBELL FLOPPY DISC 
INTERFACE 


* Plugs directly into your IMSAI or 
ALTAIR* and handles up to 4 
standard single drives in daisy- 
chain. 

* Operates at standard 250K bits 
per second on normal disc format 
capacity of 256K bytes. 

* Works with modified CP/M* 
Operating System and BASIC-E 
Compiler. 

* Hardware includes 4 extra IC 
slots, built-in phantom bootstrap 
and on-board crystal clock. Uses 
WD 1771LSI Chip. 

* Full 6-month warranty and exten- 
sive documentation. 

e PRICE: CP/M with BASIC-E Compatible Disc Drives 


Kit $190 ...... Assembled $265 and manuals: $100 Ask about our disc drives priced as low as $525. 


* Gold plated edge pins 
* Takes 33 14-pin ICs or 
* Mix 40-pin, 18-pin, 16-pin and 
14-pin ICs 
* Location for 5 volt regulator 
* Suitable for solder and wire wrap 
* ALTAIR/IMSAI compatible 
J Price: $28.00 
For fast, off the shelf delivery, all Tarbell Electronics ze EE may be purchased from computer store dealers 
across the country. Or write Tarbell Electronics direct for complete information. 


“ALTAIR is a trademark/tradename of MITS, Inc. 
CP/M is a trademark/tradenarne of Digital Research 
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type 


index = 0..10: The listings in this 
: article were prepared by 
twiceIndex = 0.20; arrangement with Walter 
unsigned = 0..32767; Banks of the University of 
short = —128..127; Waterloo. 
shortUnsigned = 0..255; 
thing = record 
field}: 0..7; 
field2: 0.31 
end; 
packedThing = packed record 
fieldl: 0..7; 
field2: 0.31; 
end; 
*ar 
a, b: array [index] of integer: 
i, j: index; 
k: twicelndex; 
s: set of (READY, BLOCKED, RUNNING, SWAPIN. SWAPOUTY 
begin 
afi] := bf}: tthe dreaded array-indexing example} 
k:- itj |subranges are useful] 
si= [READY, BLOCKED, RUNNINGS set operations] 
s:= s — J[READY, RUNNING]: 
5:9 s + [SWAPIN]: 
si=s*/{SWAPIN. BLOCKED]; 
end 


Listing 1 : Pascal program fragment for array indexing. 


tsx /Enable indexing off sp 

Ida A, KX) /Fetch address of j relative.. 
Ida B, j4 (X) /to sp into (A,B) register pair 
asl B /Shift (AB) pair left by 1.. 
rol A /yielding integer offset 

add B, b (X) /Add in 16-bit array 

adc A, b(X) / pointer i to (A,B) pair 

sta A, temp /Transfer (A.B) pair to X reg.. 
sta B, temp* 1 /..not re-entrant 

Idx temp 

Ida A, O(X) /Finally, fetch b[j] into.. 

Ida B, 1(X) /{A,B) pair.. 

psh A /and push onto stack 

psh B 

tsx /Following code is repeat of.. 
Ida A, i(X) /above for getting address of.. 
Ida B, i+ 1(X) /array element afi] 

as] B 

rol A 

add B. a+/(X) 

ade A, a(X) 

sta A, temp 

sta B, temp+i 

ldx temp /X now points at afi) 

pul B /Pop b[j] from stack.. 

pul A /into (A,B) pair.. 

sta A, 0(X) /and store in a[i] 

sta B, 1(X) 


Total code: 52 bytes 


Listing 2: Motorola 6800 assembly code for the first 
line of the Pascal fragment shown in listing 1. 
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preter to implement the pseudo-machine, 
provide the run time support for the threaded 
code. Rather than return to an interpreter 
after it has done its work, though, a routine 
simply jumps (indirectly) to the next such 
routine in the code flow. Arguments are 
passed to these routines in various ways — 
for example, by placing values or addresses 
between the code pointers. 

The third approach to language imple- 
mentation is that traditionally adopted on 
larger machines: real code generation. This 
approach provides the fastest program 
execution at the possible expense of space 
used by the object code. On almost any 
machine, the high level constructs of flow of 
control and logical expressions as well as 
calls to the intrinsic built-in functions can be 
directly implemented as branch or jump 
instructions with relatively little expenditure 
of speed or time. However, for many of the 
existing microcomputers, code generation 
for even the simplest of the fundamental 
high level language constructs proves effec- 
tively impossible. Such constructs include 
most common arithmetic operations, array 
and structure accessing, and automatic 
storage manipulation. Particularly difficult 
on some machines are multiply, divide, 
modulus and string operations. Therefore it 
is important to determine what properties of 
à particular machine make it suitable for real 
code generation. 


8 Bit Microcomputers 


A detailed study of the common 8 bit 
computers available today (eg: Motorola 
6800, Intel 8080) quickly reveals that such 
machines are not conducive to real code 
generation by compilers for high level 
languages such as Pascal. 

On such machines, compilations of even 
the simplest arithmetic or pointer expressions 
lead to a very high object to source code 
ratio, if such construcis can be compiled at 
all. Listing 2 gives an example of code which 
might be compiled for a Motorola 6800 to 
implement the Pascal assignment statement: 
a[i] :-b[j]; in listing 1. The assumption here 
is that automatic arrays are implemented as 
pointers on the stack to areas of storage 
residing elsewhere. In addition, we have 
assumed that the compiler keeps track of the 
stack offsets for its automatic variables 
relative to the moving stack pointer; we are 
using the notation / to represent the stack 
offset of variable j. In addition to this code 
segment, the procedure preamble must set 
up the pointers to the arrays a and b (stored 
at offsets a and 6 respectively), to point at 
the integer before the beginning of the array. 
Thus, for example, a/7/ will then be identi- 
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The Most Powerful 
Interface.....Ever 


Now for the first time all of these capabilities are avail- 


able on one board; the System Central Interface (SCI). 


— 2708 programmer and verifier; monitor provides 
necessary routines 


— RAM stack: 256 bytes for stack and buffer 


— Serial port: RS-232, 20mA, 60mA, programmable 
speeds from 45 to 9600 baud 


— Three parallel ports, each with handshake signals 


— Reset-jump (enables CPU to jump to the SCI 
Monitor) 


— Biphase recording for highest speed, least error 
rate (to over 100,000 baud) 


— Digital comparator — no adjustments ever 
— 8-100 compatable 
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Let 

r:=|X YSU} 

a:={A, B. DI 

x :- memory reference 

€ :7 constant value 
x long relative, short relative, direct 
*x long & short relative indirect 
$x immediate byte 
*$x extended 
**$x extended indirect 
cir) +4, +7, +15 bit indexing 
*cir) +7 and £15 bit indirect indexing 
(r)t Auto Increment by 1 or 2 
4r) Auto Decrement by | or 2 
*iri+ — Indirect Auto Increment by 2 
*-(r] Indirect Auto Decrement by 2 
atri Accumulator Indexing 


*aír) Indirect Accumulator Indexing 


Table 1: A summary of the Motorola 
MC6809 addressing modes. 


fied with the beginning of the storage 
associated with the aray a. 

Beyond the actual code shown here, 
however, the most important insight to be 
gained from all of this is the sheer bulk of 
code that such a simple construct would 
generate (and it is not even reentrant at that). 
Imagine how large the object code size 
would be for even a reasonably short. Pascal 
program. 

Implementing threaded code is somewhat 
difficult on these machines because they 
require 16 bit memory pointers, an efficient 
mechanism for indirect addressing, and some 
method of inciementing such a pointer to 
the neat 16 bit pointer, At least one of the 
above criteria is so troublesome on both the 
Motorola 6800 and the Intel 8080 that the 
threaded code becomes unwieldy. Thus, for 
these machines one has little choice but to 
interpret or write in assembler, [his suggests 
that the interpreters themselves. must. be 
implemented in assembly language. 

The above discussion is an attempt. to 
analyze the reasons why programs written 
for 8 bit microcomputers have traditionally 
been interpreted. or written in. assembly ol 
machine code, rather than. being compiled 
into "rue" code from a high level language. 


16 Bit Microcomputers 


Previously, the only alternative. to the 
8 bit architecture was that of the [6 bit 
microcomputer. Examples of such machines 
include the TI-990/4 and the DEC LSI-ET. 
While the considerable costs of these proc- 
esors tend to make them impractical for 
many computer experimenters, and for 
those applications in which many processors 


are required, it is instructive Lo. consider 
what properties set these machines. apart 
(rom their 8 bit counterparts with respect Lo 
cade generation. In fact, it can. be shown 
that, given a machine of sufficient sophisti- 
cation, it should be possible for a compiler 
to do as good a job as an assembler program- 
mer vis-d-vis machine resource utilization, 

There are two main virtues of these 16 bit 
machines. In the first place, these machines 
have complete 16 bit instruction repertoires 
including hardware multiplication, division, 
and long shifts. As well, the 16 bit processors 
tend to have a good complement of addres- 
sing modes such as indexing, stach opera- 
tions, automatic increment and decrement 
of pointers, and so on. (Here, as elsewhere in 
this article, the descriptive Lerms may seem 
fuzzy. Good compfement does not admit of 
a precise meaning. With real machines, one 
usually loses clever addressing modes, for 
plenty of general purpase registers, and one 
must balance the benefits somehow. The 
final judgment will usually be that of the 
person. witing the compiler.) With these 
attributes, il is a Fairly straightforward task 
to. construct a compiler for a high level 
language such as Pascal. 


8 and 16 Bit Hybrids 


The current trend in 8 bit microprocessor 
technology is towards a hybrid combination 
8 and 16 bit machine. Essentially, these 
processors are capable of 16 bit operations 
while retaining 8 bit data paths throughout 
the processor architecture. A prime example 
of such a hybrid is the Motorola 6809, 
which is due for formal product release later 
this year. Table | gives a summary of the 
basic addressing capabilities of the Motorola 
G809, expressed in a hypothetical assembler 
syntax which removes from the user the 
burden of understanding all of the details of 
the actual hardware addressing modes. 

What advantages do these machines have 
over their pure 8 bit predecessors? In partic- 
ular, these machines now have at least one 
accumulator for performing addition, sub- 
traction, shitting and comparison operations 
on 16 bit data. A second feature of these 
machines is the 16 bit memory pointer, 
which, combined with the ability to auto- 
matically increment and decrement such 
pointers, provides a very general memory 
accessing Capability. In addition, common 
high level language features such as stack 
trames and display pointers become quite 
easy with the general index and stack 
registers of the M6809. It is apparent that 
the Motorola 6809 is particularly weh- 
endowed with addressing modes which 
tend to facilitate code generation for high 
level languages. 


Home-Computer Retailers 
Get a new Sales Tool With 


READY-TO-USE PRS 
PROGRAMS ENCOURAGE 
HOME-COMPUTER 
SALES. 


Enable retailers to offer home- 
computer buyers an easy road to 
computer usage. An answer to 
the doubters who question 
the use of a computer in the 
home. These are thorough and exciting 
applications. The elimination of the old 
“tic-lac-toe” program. 


NEW STANDARD OF 
EXCELLENCE IN 
DOCUMENTATION 
SIMPLIFIES RETAILER’S 
AND USER'S LIFE. 


Retailers, you can now realize your dream 
to put a computer in every household. 
Each program of PRS Corporation comes 
with complete written documentation in 
clearand easy-to-understand English. And 
avoids esoteric technical language. Indeed, 
retailers, you can now offer homeowners a 
fluency at their fingertips without their 
having a Ph.D. in Computer Sciences. 


DISPLAY RACK 

SPARKS COMPUTER 

SALES. 

Enables home-computer buyers to browse 
through beautifully packaged cassette- 
folders. Each prospect can study various 
types of programs and become interested 
in the advantages of computers. 
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| Microtite 


EXTENSIVE PROGRAM 
CAPABILITIES MAKE 
COMPUTERS DESIRABLE. 


With "microfile; a new and revolutionary 

datafile management program, users can: 

e Manage any list of items 

e Enter new data 

e Edit information already on file 

€ Order items alphanumerically upwards 
and downwards 

e Sort by primary and secondary keys 

è Search out an individual item or print 
out entire list 

@ Total sums of columns 

è Justify right and left margins of each 

column 

Delete items 

Save and retrieve data with mass storage 

media 


PROGRAM APPLICATIONS 
EXPAND COMPUTER USAGE: 


Gives retailers opportunities to tell home- 
computer prospects about the unending 
list of home and personal usages. For ex- 
ample, microfile manages: 


Home inventory of furnishings + 
Listing of musical tapes * Calen- 
dar of activities + Vacation itiner- 
aries +e Checks by categories » 
Home-upkeep tickler file - Family 
historical dates - Health records 


3LEVELS OF 
PROGRAM-USAGE. 


Educational and games; homeowner 
and business applications; sophisticated 
monitors and programming tools. 


PROGRAMS AVAILABLE 
FOR THE MAJOR COMPUTER 
BRANDS: 


1. SOL from Processor Technology Corp. 

and all computers with Solos/Cuter 

monitor 

TRS-80 from Radio Shack 

. The Apple II from Apple Computer Inc. 

. The Pet Computer from Commodore 

. The Sorcerer from Exidy Inc. 

. Standard set adaptable to other sys- 
tems with Z-80, 8080A, 6502 micro- 
processors 


EXCLUSIVE SALES 
TO RETAILER, 


PRS Corporation offers only retailers the 
sales opportunity for PRS software, With 
no direct sales to end users. Each retailer is 
provided with a beautiful informative rack 
capable of holding up to 20 cassette-fold- 
ers. Microfile (a Level 2 program) and 
DDS II (a Level 3 program) the famous 
Dynamic Debugging System—are now 
available with additional programs coming 
on a regular schedule. 
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Call immediately (212) 787-1526 or 787-1527; or write today for details to: PRS— 
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Listing 3: Motorola 
MC6809 assembly code 
for array indexing program 
fragment. 


Listing 4; DEC PDP-IT 
assembly code for array 
indexing example. 
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Consider again the array assignment 
which the 6800 handled so dismally. The 
Motorola 6809 code for the same construct 
is given in listing 3. (Note that the syntax of 
our assembler code is intended to be more or 
less consistent amongst the examples, and 
not necessarily that of the manufacturer's 
assembler. |t is in fact the syntax used by 
our UNIX assemblers for these machines.) 
Code for the PDP-11/45, considered to be a 
good instruction set given in listing 4, is 
included for comparison. 

It is rather precipitous to deduce much 
from this one example, although array 
indexing does exercise many of the addressing 
modes of a machine, and such assignment 
statements can provide a check on the 
register usage of à compiler. How a partic- 
ular architecture fares with more general 
arithmetic expressions and function and 
procedure call, save, and return sequences 
would provide further basis of comparison, 
Indeed, other examples that we have tried 
suggest that the results of this comparison 
are typical. 


Special Advantages of Pascal 


We feel that the use of Pascal and a 
competent compiler can lead to better 
code in many cases on hybrid 8 and 16 bit 
machines than can be achieved with many 
other languages. Obviously, the best results 
will require that Pascal be properly used — 
that subranges be used where possible, for 
example — and that these be declared to be 


/ 7X points to top of stack (display) 
Ida D. (X) /i 


asl B 

rol A /*2 

add D. $a-2 / +offset of ‘a’ 
lea Y, D(X) / *stack top 
Ida D. AX) fj 

asl B 

rol A /*2 

add D. $5-2 / *offset of 'b' 
Ida D. D(X) / +stack top 
sta D. (Y) / ali] := blj] 


Total code: 20 bytes 


/ r5 points to the "top" of the 
/ stack frame 


mov ÄTS) rO /j 

asl r0 / 

add r5,r0 /* display pointer 
mov i(r5).rl f 

as] ri {72 

add r5.rl /+ display pointer 


mov b-2(r0).a-2(r1) / afi] := bij}: 


Total code: 22 bytes 


as small as possible. A Pascal program can 
contain a great deal of information that 
allows even a straightforward compiler to 
generate code which makes good use of the 
available registers. The Pascal declarations of 
listing 1 provide illustration for the following 
discussion, and the code given is for the 
Motorola 6809, Remember that the intent is 
not to describe an implementation of Pascal. 

The declaration of scalar and subrange 
types essentially allows the declaration of 
small integers and makes known the detailed 
characteristics of variables of such types to 
the compiler. Variables may thus be com- 
pletely bounded, and the compiler can 
compute upper and lower bounds on the 
value of an expression. 

In our example, variables of type short 
or shortUnsigned may be loaded into the 
8 bit accumulators of the 6809, and both 
registers may be used simultaneously. A 
variable may be recognized as unsigned if 
there are no negative values in the subrange 
to which it belongs. In the assignment state- 
ment & := /#/; the variables /, and /, are both 
in the range O thru 10. The result is thus in 
the range O thru 20, and an 8 bit accumulator 
may again be used to compute this result. 
(All of this is particularly useful if array 
indexing is also involved.) 

The Pascal set type may be regarded as 
providing a readable way to do "bit twid- 
dling.” A set is typically implemented as a 
sequence of bits, one for each element of the 
base type of the set. The variable s might 
then be a byte in which the low order bit 
corresponds to the element READY, the 
next to BLOCKED, and so on. The sequence 
of assignments might then be compiled as in 
listing 5. 

Pascal, of course, provides pointers, 
record structures and arrays. 

The use of pointers is strictly controlled: 
arbitrary arithmetic operations on pointers 
are not allowed. About the only things that 
may be done with a pointer variable are: 
indirect addressing, assigning another pointer 
to it, or passing it to a procedure or function. 
This structured use of pointers and indexing 
results in a very stylized use of pointers in 
the compiler's internal representation. This 
in turn allows the compiler to detect the 
places where double indexing may be used 
to advantage rather easily, on machines like 
the 6809 which have this feature. 

Indexing of an array of records does 
require multiplication of the index by the 
width, in bytes, of the record. Often, this 
may be accomplished by a shift. Of course, 
this cannot always be done, since records 
need not be a power of 2 in length, though 
a compiler could arrange to round the size 
of a record up to an appropriate boundary if 
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base 2° offers the following products 
D to the S-100 market at the industry's 


lowest prices: 


8K Static Memory Board 


This 8K board is available in two versions. The 8KS-B operates at 450ns for use with 
8080 and 8080A microprocessor systems and Z-80 systems operating at 2MHz. The 
8KS-Zoperates at250ns andis suitable for use with Z-80 systems operating at 4MHz. 
Both kits feature factory fresh 2102's (low power on 8KS-B) and includes sockets for 
all IC's. Support logic is low power Schottky to minimize power consumption. Address 
and data lines are fully buffered and 4K bank addressing is DIP switch selectable. 
Memory Protect/Unprotect, selectable wait states and battery backup are also 
designedinto theboard. Circuit boards are solder masked and silk-screened for ease 
of construction. These kits are the best memory value on the market! Available from 
Stock... 8KS-B $125 (assembled and tested add $25.00) 

8KS-Z2 $145 (assembled and tested add $25.00) 


16K Static Memory Board 
Base 2 can now offer the same price/performance in a 1 6K static RAM as in its popular 
BK RAM. This kit includes 8K bank addressing with 4K boundary address setting on 
DIP switches. This low power unit provides on-board bank selection for unlimited 
expansion... No MUX board required. Using highest quality boards and components 
we expect this kit to be one of the most popular units on the market. Available in two 
speed ranges, the 16KS-B operates at 450ns while the 16KS-Z operates at 250ns. 
16KS-B $285 (assembled and tested add $25.00) 
16KS-Z $325 (assembled and tested add $25.00) 


Z-80 CPU Board 
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signals from the processor board. All this and more on top quality PC boards, fully 
socketed with fresh IC's. CPZ-1 $110 CPZ-2 $125 
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existing DigitalGroup mainframe. Once installed, up tofour S- 100 boards can be used 
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"intelligent" mother board, ribbon cables to link existing D.G. CPU to the DGS-100 
board and a power wiring harness. The DGS- 100 is designed to fit in the 5-3/4" x 12" 
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/ X is display pointer 

/ equates are in octal 

READY = 0! 

BLOCKED = 02 

RUNNING = 04 

SWAPIN = 010 

SWAPOUT = 020 

Ida A, SREADY+BLOCKED+RUNNING / immediate load 


sta A, s(X) 

/ 

Ida A, s(X) 

anda A, STREADY --RUNNING] / complement 
sta A, 5(X) 

/ 

Ida A, s(X) 

ora A, SSWAPIN 

sta A, s(X) 

/ 

lda A, s(X) 

anda A, S[SWAPIN+ BLOCKED] 
sta A, s(X) 


Listing 5; Set assignment code tor the Motorola MC6809 processar. 


the difference were small. In any event, 
provided the size of the record is no more 
than eight bits (as an unsigned quantity}, the 
code for the multiplication could reasonably 
be included in line. 

We wondered how often division or multi- 
plication is used in the UNIX system (an 
operating system developed at Bell Labs), 
and wrote a simple command file which 
would compile each of the source programs 
of the system and scan the resulting assem- 
bler for mu/ and div instructions. The 
number of multiplications was of interest in 
light of the above discussion: the number of 
divisions was collected as well, since these 
would have to bc interpreted by subroutine 
on the 6809, and we wanted Lo know how 
many occurred in critical code. The results 
are shown in table 2. 

Only one of the divide instructions occurs 
in a routine that might be regarded as signi- 
ficant, with respect Lo increasing system 
overhead, were a subroutine called 1o do the 
divide piecemeal; and that division was 
performed at a low priority level. 31 of the 
divide instructions in the device driver rou- 
tines were in disk drivers, which had to 
compute track and cylinder offsets, The 


Number of Number of 
Multiplications Divisions 


UNIX Kernel 4 
Device Drivers 62 


Table 2: A search through a particular operating system to determine the 
number of multiplications and divisions used. Thi was done to determine 
how important the speed of a multiplication and division routine would be to 
a typical program. 
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multiplications in all cases were of small 
amounts; it seems that (most likely by 
accident) record structures used in the 
kernel happened to be a power of 2 in length. 
It would have been more instructive, perhaps, 
lo examine user programs, but in thal case it 
would have been more difficult to separate 
multiplications written explicitly from those 
created implicitly by array indexing, 

A Pascal programmer may declare partic- 
ular record or array types as packed, which 
is a hint to the compiler that the program- 
mer would prefer elements of the given type 
lo occupy as little space as possible even if 
there is a cost in increased code to access 
them. This leaves the unit of packing to the 
compiler. For example, the types thing and 
packedThing (sce listing 1) describe packed 
and unpacked records with similar fields (to 
Pascal, these record types are not compatible 
in any way). In a thing, both field? and 
field? will likely be bytes, but if à compiler 
implements the notion packed completely, 
then in a packedThing, field! will likely 
occupy three bits, and //e/d2 five bits, ie: 
they would share the same byte of storage. 
Packing of records on microcomputers is 
often much easier than on the larger proc- 
essors, because microprocessors do not have 
the alignment problems that plague compiler 
writers on those machines, 

Finally, as in many other languages, the 
order of evaluation of expressions is left to 
the implementor, but since side effects are 
not allowed, no legal Pascal program can 
possibly be harmed by this. This has two 
related cffects: in arithmetic expressions, 
the compiler may evaluate the operands in 
the order that leads to the least amount of 
code, and in Boolean expressions the left- 
hand side of the logical operators und and or 
need nol be evaluated if the expressions on 
the right determines the truth value of the 
entire expression. Faster or smaller code will 
usually result if a compiler takes advantage 
of these properties. 


Pascal: Problems? 


We feel that there are a number of areas 
where Pascal is likely to require expensive 
mechanisms, and which would be inappro- 
priate for a systems programming environ- 
ment. One solution might be to implement 
a subset of the language, leaving these hard 
features aside, but in most cases, since the 
expensive mechanisms are only invoked if 
the programmer asks for them, it should 
be sufficient to have the compiler avoid 
including the associated run time procedures 
when they are not requested. (This is worth 
mentioning, if only because this rule is often 
not followed.) We shall first mention those 
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constructs which are expensive, but which 
appear only by programmer request. 

The semantics of Pascal's fi/e variables, 
and the input/output (IO) system in general 
tend to reflect characteristics of a batch 
environment, with a restricted character set. 
The basic IO procedures are badly designed 
for an interactive terminal. The read and 
write procedures arc fairly expensive to 
implement, since they are extremely general 
and all encompassing. 

On machines like the 6809 which lack a 
divide instruction of any sort (let alone a 
16 bit onc), division will be done by calling a 
run time support routine. Only if the pro- 
grammer explicitly writes either a divide, or 
modulus operation, will the call be gener- 
ated. Floating point numbers will be inter- 
preted, as usual. 

Pascal allows procedures and functions to 
be defined inside other procedures and func- 
tions. This requires either a display, which 
must be copied, or a system of pointers by 
which a routine may access the variables 
owned by routines in an outer scope. (The 
latter is the most likely choice.) 

Strings, arrays, records and large sets (if 
implemented) may all be assigned or passed 
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as parameters to routines. These operations 
require block copies, but only if the opera- 
lions appear in the source program. Copying 
of actual parameters may be avoided, of 
course, by declaring the matching formal 
parameters as var parameters. 

The remaining points concern some philo- 
sophical concerns about Pascal and its 
implementation. (Input and output might 
also be considered in this class.) 


Philosophy 


It has been observed that much of the 
checking done at run time in other languages 
may be done at compile time in Pascal. This 
is not always so, and run time checks are 
required on assignments of a variable from a 
larger subrange to a variable in a smaller 
subrange of a given type, or on similar use 
in array indexing, and pointers must always 
be checked to ensure that they are not nj’, 
|t might be argued that run time checks 
might not be done at all. lt is better to 
arrange for them to be turned on and off, as 
required, in different sections of code. 

The Pascal Report {see references) does 
not put boundaries on the number of eje- 
ments in the base type of a sez type, but it 
does say that an implementor will likely 
choose the word length of a given computer 
as that limit. Otherwise, routines are required 
lo perform various Boolean operations on 
large bit strings. Unfortunately, a great many 
Pascal programs in existence, most notably 
those for the CDC 6600, assume that it is 
possible to delcare or use a set of chur, as in: 

if c in [2^ .z'| then 
{cis a letter } 

where c is declared as a char. The CDC 
Pascal compiler restricts the number of 
elements in the base type of a set to about 
the number of bits in a word (58), but the 
CDC character set is small enough that it 
(nearly) fits within a set. On a microcom- 
puter with the ASCII character set even 16 
bits is clearly insufficient, and larger sets 
may need to be implemented. 

There is no method provided to initialize 
variables in their declaration. This is of 
consequence when one wishes to create a 
table with values that remain constant 
throughout the life of the program (eg: a 
translation table). The only way to do this in 
standard Pascal is to write a sequence of 
assignment statements. This will typically 
result in several bytes of code for each 
assignment, as well as forcing two copies of 
each data value in the table. On a large 
machine like the CDC 6600, this may be of 


little consequence, but on a microcomputer 
with little core, this isa distinct disadvantage. 
Of course, various implementations of Pascal 
have provided a means to do this sort of 
thing efficiently, but this results in a porta- 
bility problem because each implementor 
tends 1o have slightly different rules about 
where and how these initializations may be 
accomplished. 


Conclusions 


For languages like Pascal, compilation is 
the preferred method of implementation on 
hybrid 8 and 16 bit microprocessors. The 
object code size on these machines for 
common constructs in these languages seems 
lo compare quite favorably with that for 
larger processors like the PDP-11 or the 
Honeywell 66/60. We illustrated this with a 
very simple array operation; the reader can 
try other operations, 

When choosing a programming language, 
onc typically considers not only the ease or 
difficulty of implementation and the effi- 
ciency of the compiled code, but stylistic 
qualities as well. For example, we have 
found the C language a pleasant and effective 
language for developing programs, but it 
does not, of course, follow that everyone 
else would. The same holds true for Pascal. 
We merely note that the Pascal is interesting, 
in that Pascal programs may be so written as 
to allow a compiler to compile code which 
makes efficient use of 8 bit accumulators on 
machines that have them, and that amongst 
the other major high level languages this is 
an unusual property (PL/I is a likely excep- 


tion). Whatever the language used, we hope 
ilo see the day when on microcomputer 
systems, as on UNIX, the use of assembly 
language for a program of any size is greeted 
with surprise, shock, depairs, dismay and 
outright hostility.™ 
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BYTES Bugs 


The Price Is Wrong 


In the book review of The Elements 
of Programming Style, which appeared 
in May 1978 BYTE, page 161, the price 
of the book should have been $5.95, 
not $2.65. Thanks go to P J Plauger 
lor notifying us of this error.@ 


Transposition Bug 


We apologize for any inconvenience to 
readers’ internal interpreters caused by 
the slight deviation in scanning between 
pages 164 and 165 in the June 1978 
issue, The two columns of text on page 
165 were inadvertently reversed. Trans- 
position of these two columns will 
restore the correct syntactic order of the 
text (sce below).@ 


Still Further Thoughts 


On page 122 of the June 1978 
BYTE there appeared a Language Forum 
item called “An APL Interpreter: 
Further Thoughts.” In paragraph 2 Tom 
Brightman remarks that most reductions 
are monadic. David Eisenstein con- 
tacted us to state that most reductions 
are dyadic and research into several APL 
books verified this. 

| feel that the problem here is one ol 
interpretation. If a reduction function, 
such as */, is considered to be one 
operation, then the operation is mon- 
adic. The one operand is to the right of 
the function and is usually a vector. 

However, the reduction lunction is 
usually defined to be only the left slash 
symbol. This means that the reduction 
function is dyadic. The righthand 
operand would usually be an array and 
the lefihand operand would be some 
Operator such as + or x. This is the form 
that texts seem to use.. .RGAC™ 
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Hume Cursor 


When a CTRL/X. is detected in the 
Cantuyl Check section, the program jumps 
ta Hume, whuh returns the cursor ta ihe 
upper lelthind corner but does nut affect 
the sereen contents ur the memory status 
wards. 


Escape 


When the escape key (ESC) Is pressed, it 
is detected by the Control Check section and 
4 jump js made do hexadeximal memary 
addien 345 where the prugrami recewvs 
instructions fut ewl trum GRAPH hsec 
Program Functions and Use}. 


Addressing and Memory Requirements 


in its present assembly, GRAPH reudes 
in hes adecima! memory locations O00 thru 
AFFF and i designed tu drive a VDM-I 
addressed al hexadecimal CCOO — VDM-I 
status port (lo reset scrolling) i» addressed 
at hexadecimal CB. 

In addition, six 1 K byte memory secturs 
are sel aside fur the STORE and RECALL 
lunctions {sec table 3]. 

A keyboard inputs status information tu 
10 port 00 (data present = bit 6 set) and 
data to IO port OL.8 
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M the proyram isin the vertical write mode] memory sectors which are 
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and depusis the result back into 3F7 Thy and RECALL functions, 
has the effect of alternately loading. that 
lucatiun with hexadecimal OO ur 80 every 
lime this routine i entered, Thus, one stroke 
uf the appropriate Key (CTRL/Q) puts you 
in the Vertical Write. mode, und another 
stroke tekes yuu out of that mode. Opera- 
tion then jumps back io STATIN in the 
Driver 


Cursor (On/OIf) 


This operation. works exactly the same as 
Vertical Write by alternately loading hexa. 
decimal jocation JEB with hexadecimal 00 
or 80 


Cursor Write/Don't Write 


Cursor write/dun's write works exactly like 
Vertical Write, alternately loading focation 
hexadecimal 3F6 with hexadecimal 00 or 80 


Next Store 


When a CTRU/W and a number from 1 1o 
6 are detected (see Control Check Section), 
the Next Store routine is entered, This 
ruutine i» actually only 4 series uf compari- 
suns in the Control Check Section. which 
compare the inpul character with several 
ASCH hexadecimal values. For example, 
after CTRL/W and s numeral i are entered 
fram the keyboard, the data input to the 
camputer is hexadecimal 34. In this case a 
CPI 31 instruction would raute the program 
tu instructions that would load status word 
hexadecimal memary location 3F8 with 
hexadecimal 00, and when 3FB is checked 
by the nexi STORE operation, it would 
sare page | ín the first memory sector. 
Entering a 3 would be detected by a CPI 33, 
which would load 3F8 with hexadecimal 02 
and set up the nexi STORE operation for 
page 3, 
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The Number Crunching 


Processor 


National Semiconductor Corporation's 
MM57109 microprocessor is designed speci- 
fically for numeric processing. Called “The 
Number Cruncher" in their advertising, the 
MM57109 has an instruction set that in- 
cludes floating decimal arithmetic, logarith- 
mic and trigonometric functions and other 
sophisticated features. Although it can be 
used as a stand alone device with read 


Peter Neison 
68 Seaver St 
Wellesley MA 02181 


only and programmable memory, or as the 
"brain" of a smart instrument, most hobby- 
ists will probably want to use it as a 
peripheral processor where it will save both 
money and memory space. 

The MMS7109 requires a 9 V power 
supply which can be configured as *5 V and 
—4V for easier TTL interface. It also re- 
quires a single phase 5 V clock of about a 
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Figure 1: Pin assigments for the dual in line packaged MM5701 and a functional block diagram of the processor. Reproduced 


courtesy of National Semiconductor Corporation. 
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400 kHz frequency. This is internally 
divided down to a 100 kHz SYNC signal 
which forms the basic lime period of the 
processor, National calls this 10 us period a 
microcycle. All instruction times are ex- 
pressed in microcycles. 

A pinout and block diagram are shown in 
figure 1. The MM57109 receives instructions 
and data via input lines Ij thru lg. Timing of 
an instruction or data fetch operation is 
shown in figure 2. Note that the RDY 
output goes high to signal that input is 
required. lq thru lg may change only when 
the RDY line is high. Processing begins when 
it returns to a logic 0," 8 microcycles later. 
The MM57109 can be halted when the RDY 
line is high by applying a logic "1" to the 
HOLD input before or at the rising edge of 
RDY. If HOLD goes high after RDY does, 
the processor will not stop until the next 
RDY pulse. Stopping the processor can 
allow more time for an external device to 
prepare data or an instruction. The 
MM57109 cannot be halted during execu- 
tion of an instruction. For 2 word opera- 
Lions, the RDY line will go high twice, once 
for each fetch. The ISEL output is used 
during such operations to indicate when the 
processor is expecting an instruction; it will 
go low when data is expected. This is useful 
if the data and instructions are coming from 
two different sources. 

DO, thru DO4 are used to output data 
during an OUT operation. The number of 
digits and format depend on parameters set 
by software, especially the SMDC and 
TOGM instructions. The RW output is 
strobed low, once for each digit, Note in 
figure 3 that the MM57109 issues a second 
RDY pulse during the OUT operation. This 
is for external memory control and can be 
ignored if the processor is being used as a 
microcomputer peripheral. 

The digit address lines, DA] thru DA% 
and the digit address strobe, DAS, are used 
to provide address information when the 
MMS57109 is configured as a stand alone 
processor with its own memory. Typically, 
the digit address lines would provide the 
lower four bits of address with the upper 
four bits coming from an external read only 
memory. 


Reference Source: 


The source of the information used to design this circuit for the 
MM57109 is the National Semiconductor publication, MM57109 
MOS/LSI Number Oriented Microprocessor, copyright 1977 by Nation- 
al Semiconductor Corporation, published in March 1977. The publi- 
cation number of this 24 page booklet is 1M-B50M37. National Semi- 
conductor Corporation is located at 2900 Semiconductor Dr, Santa 
Clara CA 95057, and the MM57109 is available from electronics distri- 
butors who handle National Semiconductor's product line. 
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Figure 2: Instruction fetch and hold timing diagram. The RDY line goes high 
when the data is ready. If the HOLD line is also high RDY will remain high. 
When the HOLD line goes low, the RDY line will follow and the instruction 
will be executed. Adapted from figure 8c on page 10 of National Semicon- 
ductor Corporation's documentation, IM-B50M37 (March 1977). 
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Figure 3: Timing diagram of an OUT instruction. The second RDY pulse can 
be ignored if the processor is being used as a peripheral to a computer. 
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Table 1: The 70 command 
instruction set for the 
MM57109. The commands 
are broken into seven 
different | classes: digit 
entry, data moves, math 
functions, clearing opera- 
tions, branch functions, 
/O and mode control. 
Reproduced courtesy of 
National | Semiconductor 
Corporation. 
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The POR input is used to reset the 
processor after power is first applied. Fol- 
lowing a 2 microcycle, or greater, positive 
pulse on this line, the MM57109 will issue 
three RDY signals. The first two should be 
ignored; processing begins following the 
third one. 

The remaining outputs are all controlled 
by software. F1 and F may be set or pulsed 
by the SF or PF instructions. The ERROR 
line indicates an illegal operation or overflow 


and BR responds to a jump or branch 
operation with a pulse to “0.” 


Instruction Set 


Table 1 details the MM57109's 70 
instructions. This number is achieved with 
only a 6 bit word through the use of the 
INV instruction, octal 40, which gives 
double service to some of the other op 
codes. The instruction set provides a com- 
plete set of scientific calculator operations in 


CODE 
Digit 0 00 0 Mantissa or exponent digits. On first digit (d) 
Entry 1 01 1 the following occurs: Z = T 

2 02 2 Yo? 

3 03 3 xo~y 

4 04 4 d= xX 

5 05 6 See description of number entry on page 11. 

6 06 6 

7 07 7 

8 10 8 

8 11 9 

DP 12 Decimal Paint Digits that follow will be mantissa fraction. 

EE 13 Enter Exponent Digits that follow will be expanent. 

cs 14 Change Sign Change sign of exponent or mantissa. 

Xm = X mantissa 
Xe = X exponent 
CS causes -Xm + Xm or -Xe + Xe depending 
on whether or not an EE instruction. was 
executed after last number entry initiation. 

PI 15 Constant 7 3.1415827 — X, stack not pushed. 

EN 41 Enter Terminates digit entry and pushes the stack. 
The argument entered will be in X and Y. 

Z-—T 
Y-Z2 
xoY 

NOP 77 No Operation Do nothing instruction that will terminate digit 
entry. 

HALT 7 Halt External hardware detects HALT op code and 
generates HOLD = 1. Processor waits for HOLD 
= 0 before continuing. HALT acts as a NOP and 
may be inserted between digit entry instructions 
since it does not terminate digit entry. 

ROLL 43 Roll Roll Stack. x 

[N 
T Y 
Mz 
POP 56 Pop Pop Stack. 
Y^X 
z^Y 
T-2 
o-T 
XEY 60 X exchange Y Exchange X and Y. 
X—Y 
XEM 33 X exchange M Exchange X with memory. 
X—M 
MS 34 Memory Store Store X in Memory. 
X^M 
MR 35 Memory Recall Recall Memory inta X, 
M^X 

LSH 36 Left Shift Xm X mantissa is left shifted while leaving decimal 
point in same position. Former most significant 
digit is saved in link digit. Least significant digit 
is zero. 

RSH 37 Right Shift Xm X mantissa is right shifted while leaving decimal 


point in same position. Link digit, which is 
normally zero except after a left shift, is shifted 
into the most significant digit. Least significant 
digit is lost. 


an easy to use keyboard entry format. The 
processor uses reverse Polish notation, RPN, 
which is the same system used on the 
Hewlett-Packard calculators. This method 
can obviate the need for parentheses in 
many cases. 

There is a complete set of conditional 
branch test operations that may be quite 
useful if a programmable calculator or higher 
level language is being implemented, The BR 


OCTAL OP 
CLASS | SUBCLASS enone: | CODE FULL NAME 
71 Plus 


Math F(X,Y) + 


à 


output will pulse low if the condition being 
tested is true. 

Among the numerous digit entry and IO 
operations are three different ways to input 
digits: AIN, IN and “digit as instruction" 
number entry, octal 00-11. This latter meth- 
od is most similar to calculator number 
entry and is the input system assumed for 
the interface in this article. 

The MM57109 offers two conventional 


DESCRIPTION 


Add X to Y. X + Y ^ X. On, — x, / and YX 
instructions, stack is popped as follows: 

225Y 

TZ 

O-T 
Former X, Y are lost. 


= 72 Minus Subtract X from Y. Y X> X 

x 73 Times Multiply X times Y. Yx X=- X 

/ 74 Divide Divide X into Y. Y *X-—-X i 

Yx 70 ¥toX Raise Y to X power. YX« X 

F (XM) INV +° 40, 71 Memory Plus Add X to memory. M+ X—M 
On INV +, —, x and / instructions, X, Y, Z, 
and T are unchanged. 

INV -* 40, 72 Memory Minus Subtract X from memory. M- X >M 

INV x* 40, 73 Memory Times Multiply X times memory, Mx X =M 

(NV 7* 40, 74 Memory Divide Divide X into memory. M+ X—^M 

F (X) Math 1/X 67 One Divided by X | 1+ X X. On all F (X) math instructions Y, Z, 
T and M are unchanged and previous X is fost, 

SORT 64 Square Root VX X 

sa 63 Square X2^x 

10X 62 Ten to X 10% + x 

EX 61 EtoX eX — x 

LN 65 Natural log of X In X-—X 

LOG 66 Base 10 log of X log X + X 

F (X) Trig SIN 44 Sine X SIN(X) — X. On all F(X) trig functions, Y, Z, T, 
and M are unchanged and the previous X is lost. 

COS 45 Cosine X COS(X) ~ X 

TAN 46 Tangent X TAN(X) +X 

INV SIN® 40, 44 Inverse sine X SIN] + X 

INV COS* 40, 45 Inverse cosine X | COS IX) X 

INV TAN* 40, 46 Inverse tan X TAN (X) +X 

DTR 55 Degrees to radians | Convert X from degrees to radians. 

RTD B4 Radians to degrees| Convert X from radians to degrees. 

Clear MCLR 57 Master Clear Clear all internal registers and memory; initialize 
1/0 control signals, MDC = B, MODE = floating 
point. (See initialization.) 

ECLR 53 Error flag clear O — Error flag 

Branch | Test JMP* 25 Jump Unconditional branch to address specified by 
second instruction word. On all branch instruc- 
tions, second word contains branch address to 
be loaded into external PC. 

TJC* 20 Test jump Branch to address specifiad by second instruc- 

condition tion word if JC (Ig) is true (71). Otherwise, 
skip over second word. 

TERR* 24 Test error Branch to address specified by second instruc- 
tion word if error flag Is true (= 1). Otherwise, 
skip over second word. May be used for 
detecting specific errors as opposad to using the 
automatic error recovery scheme dealt with in 
the section on Error Control. 

TX*0* 21 Test X=0 Branch to address specified by second instruc- 
tion word if X = 0, Otherwise, skip over second 
word. 

TXF* 23 Test IXI« 1 Branch to address specified by second instruc- 
tion word if {X| < 1. Otherwise, skip over 
second word. (i.e branch if X is a fraction.) 

TXLTO* 22 Tet X «0 Branch to address specified by second instruc- 


tion word if X < Q, Otherwise, skip over second 
word. 
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Table 1, continued: 
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microprocessor operations, HALT and NOP, 
but with a difference. HALT, by itself, only 
acts as a NOP; it does not stop the machine. 
It is designed to be detected with external 
hardware that will generate a HOLD signal 
to halt the processor. 

The number of microcycles required to 
execute an instruction may vary from a few 
hundred to many thousands as shown in 
table 2. Speaking generally, the complex 
operations such as trigonometric and loga- 


OCTAL OP 
cass | suscass | menom | O” FULL NAME 


Increment memory | M + 1 — M. if M = 0, skip second instruction 
and branch it 
M*0 
Decrement 
memory and 
branch if M #0 
Multidigit 
input to X 


Branch 


1/0 Multi-digit 


Multidigit output 
from X 


Vo Single-digit 


1/0 Set Flag 1 
Pulse Flag 1 


Set Flag 2 
Pulse Flag 2 
Pulse R/W 3 


Pulse R/W 2 


Mode Toggle Mode 


Control 


Set Mantissa 
Digit Count 
Inverse Mode 


Asynchronous 
Input 


rithmic functions take the greatest time. As 
a bench mark, the floating point addition 
time is 2200 microcycles, or 22 ms. However 
the floating point add time might not make 
a very reliable benchmark since it varies over 
a wide range (22 ms, typical, to 66 ms, worst 
case) depending on the numbers involved. 
Figure 4 shows how easy it is to interface 
the MM57109 to your system. Most of the 
required pins are TTL compatible. The POR 
and HOLD inputs, however, must have a 


DESCRIPTION 


word. Otherwise, branch to address specified 
by second instruction word. 

M - 17 M. If M = D, skip second instruction 
word. Otherwise, branch to address specified 
by second instruction word. 

The processor supplies a 4-bit digit address 
(DA4—DA1) accompanied by a digit address 
strobe (DAS) for each digit to be input, The 
high order address for the number to be input 
would typically come from the second instruc- 
tion word. The digit is input an 04-01, using 
(SEL = © to select digit data instead of im 
structions. The number of digits to Be input 
depends on the calculation mode (scientific 
notation or floating point) and the mantissa 
digit count (See Data Formats and Instruction 
Timing). Data to be input is stored in X and the 
stack is pushed (X > Y > Z > T). At the con. 
clusion of the input, DA4 —-DA1 = f. 

Addressing and number of digits is identical to 
IN instruction. Each time anew digit address is 
supplied, the processor places the digit to be 
output on DO4—D01 and pulses the RAW lina 
active low, At the conclusion of output, DO4— 
DO1 = Q and DA4—DA!1 = D. 

A single digit is read into the processor on D4- 
D1. ISEL = O is used by external hardware to 
select the digit instead of instruction. It will not 
read the digit until ADR = 0 {ISEL = Q selects 
ADR instead of 15), indicating data valid. F2 is 
pulsed active low to acknowledge data just read. 
Set Fi high, ie. F1 1. 

F1 ıs pulsed active high. It F1 is already high, 
this results in it being set low. 

Set F2 high, i.e. F2 = 1. 

F2 is pulsed active high. 1f F2 is already high, 
this results in it being set low. 

Generates R/W active low pulse which may be 
used as a strobe or to clock extra instruction 
bits into a flip-flop or register. 

Identical to PRW1 instruction. Advantage may 
be taken of the fact that the last 2 bits of the 
PAW1 op code are 10 and the last 2 bits of the 
PRW2 op code are Q1. Either of these bits can be 
clocked into a Hip-flop using the R/W pulse. 
Change mode from floating point to scientific 
notatian or vice-versa, depending on present 
mode. The mode affects only the IN and OUT 
instructions. Internal calculations are always in 
B-digit scientific notation. 

Mantissa digit count is set ta the contents of the 
second instruction word (71 to 8). 

Set inverse mode for trig or memory function 
instruction that will immediately follow. inverse 
mode is for next instruction only. 


G^ Tho LATEST Ja Tapas Systeins 78$ 


9600 BAUD CASSETTE RECORDER 


An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error rate 
108 at 4800 BAUD. Can be used from 110 to 9600 BAUD into a UART — no clocking 
required. This is not an audio recorder. It takes RS232 or TTL signals from the terminal or 
computer and gives back the same siqnals. No audio interface is used. Motor start/stop is 
manual or through TTL or RS232 signals. 

Tape speeds are 1.6" / 3.0" and 6.0" per second. 110 volt, 60 Hz, 5 watts. (220 Volts on 
special order). Can use high quality audio cassettes (Philips Type) or certified data cassettes. 
Can be used in remote locations from a 12 Volt battery. 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PROGRAM 
RELOADING and DATA STORAGE. Manual control except for motor start/stop. 6800, 
8080 or Z80 software for file or record searching available on request with order. Used by 
major computer manufacturers, Bell Telephone and U.S. Government for program reloading 
and field servicing. 


$185.00 (4800 Baud) 
$195.00 (9600 Baud and 220V/50 Hz) AVAILABILITY — Off the shelf. 


PROVIDES MONITOR AND TAPE SOFTWARE in ROM. TERMINAL and TAPE PORTS 
on SAME BOARD. CONTROLS ONE or TWO TAPE UNITS (CC-8 or 3M3B). 


This is a complete 8080, 8085, or Z80 system controller. It provides the terminal I/O 
(RS232, 20 mA or TTL) and the data cartridge I/O, plus the motor controlling parallel I/O 
latches. Two kilobytes of on board ROM provide turn on and go control of your Altair or 
IMSAI. NO MORE BOOTSTRAPPING. Loads and Dumps memory in hex on the terminal, 
formats tape cartridge files, has word processing and paper tape routines. Best of all, it has 
the search routines to locate files and records by means of six, five, and four letter strings. 
Just type in the file name and the recorder and software do the rest. Can be used in the 
BiSync (IBM), BiPhase (Phase encoded) or NRZ modes with suitable recorders, interfaces 
and software. 

This is Revision 8 of this controller. This version features 2708 type EPROM's so that 
you can write your own software or relocate it as desired. One 2708 preprogrammed is 
supplied with the board. A socket is available for the second ROM allowing up to a full 2K 
of monitor programs. 

Fits all S100 bus computers using 8080 or Z80 MPU's. Requires 2 MHz clock from bus. 
Cannot be used with audio cassettes without an interface. Cassette or cartridge inputs are 


TTL or RS232 level. 2SIO (R) CONTROLLER 
AVAILABILITY — Off the shelf. $190.00, Tested & Assmb. 


PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPANDS MIKBUG with 1K 
of ADDITIONAL ROM PROGRAM 


This is a complete tape controller for the SWTP 6800 system. Has 3K of EPROM space 
j "cz for your own programs. A 1 K ROM (2708) is provided with all tape and monitor functions. 
7) LA The ROM program is identical to our extensive 8080 ROM program. 
| t EN Has one ACIA for one or two tape drives, one UART for an additional Serial port and a 
iC NS i 4 bit parallel port for motor control. Will control one or two CC-8 or 3M3B drives with the 

dk [ON software provided. Can be used with other tape drives controllable with 4 TTL bits if 
5 appropriate software changes are made. 

Extra serial port is provided for your use with a second terminal or printer (R5232, TTL 
or 20 ma). 

The ROM program supplements the MIKbug program and is entered automatically on 


6800 CONTROLLER for SWTP reset. SWTbug compatible ROM is also available. 
$190.00, Tested & Assmb. AVAILABILITY — Off the shelf. 


Z 80 BOARD for SWTP COMPUTER 


Now you can use the 8080/Z80 software programs in your SWTP 6800 machine. Re- 
places your MPU board with a Z80 and ROM so that you are up and running with your 
present SWTP memory and MPS card. 1 K ROM on board replaces MIKBUG. 


AVAILABILITY — Off the shelf. 


=o — — $190.00, Tested & Assmb. 


For U.P.S. delivery, add $3.00. Overseas and air shipments charges collect, N.J. Residents add 596 Sales Tax. WRITE or CALL for further 
information. Phone Orders on Master Charge and BankAmericard accepted. 


National Multiplex Corporation 
3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710-997-9530 
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EXECUTION EXECUTION EXECUTION EXECUTION 
INSTRUCTION TIME TIME INSTRUCTION TIME TIME 
MNEMONIC  |IMICROCYCLESH | (MICROCYCLESI|| MNEMONIC | (MICROCYCLES) | IMICROCYCLES? 
(AVERAGE) (WORST-CASE {AVERAGE) IWORST-CASE 
VALUES) VALUES! 
0-3 238 out 583 
DF 152 IN 385 
EE 151 SFi 163 
cs 166 PFA 185 
PI 1312 SF2 163 
134 PF2 185 
284 PRWt 130 
208 PRY? 130 
278 SIN 95900 
197 cos 95900 
2) TAN 5 97600 
391 INV SIN 93900 
186 INV COS 33900 
2314 INV TAN 32900 
2314 LN 92000 
163 LOG 92600 
Bi? EX 43909 
839 10x 96500 
1385 + 6600 
188 INV- INV $000 
173 Me, M7) 
186 x 22700 
552 INV a MX 21460 
157 | 22300 
905 INV CNT 21100 
163 VX 22800 
448 YX 95500 
734 SQRT 36700 
552 sa 21000 
122 OTR, ATO 41700 


Table 2: Execution times for command set. The execution time is measured 
in microcycles which are defined as being 10 us long. Reproduced courtesy of 
National Semiconductor Corporation. 


IN/OUT Instructions (a) Mode = Scientific Notation 


D4 D3 D2 
DO4 Do3 Do2 


DA4—DA1 


Most significant exponent digit 

Least significant exponent digit 

$m 0 ü Se 

Not used 

Most significant mantissa digit (Decimal point follows this digit) 


Least significant mantissa digit 


IN/OUT Instructions (b) Mode = Floating Point 


DA4-DA1 DP POS IN: D4 p3 p2 51 

7 OUT: DOA DO3 DO2 Doi 
—4 
2 Sm 0 0 0 
3 OP POS 
4 11 Most significant Mantissa Digit = 0—9 
5 10 . 
MDC * 3 12 - MDC Least significant Mantissa Digit = 0-9 


Table 3: The data format for floating point and scientific notation input and 
output. MDC stands for mantissa digit count which is set by the SMDC 
instruction. [t is initially set to 8. Sm is the sign of the mantissa, it is O for 
positive and 7 for negative numbers. Se is the sign of the exponent which is 
set to 0 for positive, in the floating point mode. DP POS is the decimal point 
position indicator which is a value in the range from 11 to 12-MDC, which 
indicates a digit, as given by the DP POS column in the table. The decimal 
point is located to the right of this digit. 
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voltage swing fram —4 V to +5 V. Fortu- 
nately, this is easily achieved with an LM339 
comparator which makes a fine TTL to MOS 
level shifter and is widely available. The BR 
and RW lines are the only required outputs 
that cannot drive TTL directly. CMOS in- 
verters and flip flops are used to latch pulses 
from these lines anyway, but in this case 
they also provide buffering. 

The 2.2 k pull down resistors to YDD 
from the ERROR, RDY and DO lines 
assume the use of a bipolar (TTL) input 
port. If your input port lines use high 
impedance MOS receivers, then these re- 
sistors should be replaced by 15 k resistors 
to ground, OV. 

It is worth mentioning that in this circuit 
there are a number of outputs of the 
MM57109 that are completely unused. This 
is because the MM57109 is a very versatile 
device that can be configured in several 
different ways. In this application the com- 
puter performs many of the functions of the 
unused pins. 

The simple program detailed in listing 1 is 
designed to allow you to become familiar 
with the MM57109 by giving it one instruc- 
tion at a time and single stepping its opera- 
tion. A number of useful subroutines are 
included that may be applied to larger 
applications programs. After each colon 
prompt character is displayed you are ex- 
pected to supply a two digit octal number 
corresponding to the instruction you wish to 
execute. If it is a 2 word instruction, the 
second word is entered after the next colon, 
Whenever the OUT instruction, octal 26, is 
used, the computer goes to a routine that 
reads the data into a buffer and then dumps 
it to the display "as is." This way, the effect 
that different instructions have on the dis- 
play format shown in table 3 can be seen. 
Before requesting an instruction, the com- 
puter polls the ERROR and BR lines and 
outputs an “E” or "B," respectively, if these 
lines are active. Once the ERROR line is set 
it must be cleared with the ECLR instruc- 
tion, but the BR line is reset automatically 
by the program. 

When the program is first entered at 0200 
it initializes the processor by outputting a 
POR pulse and ignoring the first two RDY 
pulses before halting on the third. Halting 
for instruction input is done by bringing the 
HOLD line high. When an instruction is first 
moved to the output port, the HOLD line is 
left high. It is brought down on a separate 
command so that the data on lq thru Ig is 
fully stable before HOLD starts to change. 
The computer senses when it is time for a 
new instruction by monitoring the RDY line 


the electric pencil II" 


The Electric Pencil II is a Character Oriented 


Word Processing System. This means that text is 
entered as a string of continuous characters and 
is manipulated as such. This allows the user 
enormous freedom and ease in the movement and 
handling of text. Since line endings are never 
delineated, any number of characters, words, 
lines or paragraphs may be inserted or deleted 
anywhere in the text, The entirety of the text 
shifts and opens up or closes as needed in full 


© 1978 Michael Shrayer 


As text is typed in and the end of a screen 
line is reached, a partially completed word is 
shifted to the beginning of the following line. 
Whenever text is inserted or deleted, existing 
text is pushed down or pulled up in a wrap 
around fashion. Everything appears on the video 
display screen as it occurs which eliminates any 
guesswork. Text may be reviewed at will by 
variable speed scrolling both in the forward and 
reverse directions. By using the search or the 


view of the user. The typing of carriage returns 
as well as word hyphenation is not required 
since lines of text are formatted automatically. 


search and replace function, any string of 
characters may be located and/or replaced with 
any other string of characters as desired. 


When text is printed, The Electric Pencil II automatically inserts carriage returns where they 
are needed. Numerous combinations of line length, page length, line spacing and page spacing allow 
for any form to be handled. Character spacing, BOLD FACE, multicolumn as well as bidirectional 
printing are included in the Diablo versions. Right justification gives right-hand margins that are 
even. Pages may be numbered as well as titled. This entire page (excepting the large titles and 
logo) was printed by the Diablo version of The Electric Pencil II in one pass. 


Now on CP/M 


You've probably seen 
The Electric Pencil in 
action by now. It's the 
most powerful 8080/280 


NEW FEATURES: !!! CP/M Compatible !!! Disk Operating System 
Supports Four Disk Drives !!! Simple File Management !!! Quick and Easy 
Disk Storage and Retrieval !!! Dynamic Print Formatting !!! Multicolumn 
Printing !!! Print Value Chaining !!! Page-at-a-time Scrolling !!! New 
Bidirectional Multispeed Scrolling Controls !!! New Subsystem with 
Print Value Scoreboard !!! Automatic Word and Record Number Tally !!! 
Cassette Backup Capability !!! Full Margin Control !!! End-of-Page 


character oriented word Control !!! Non-Printing Text Commenting !!! Line and Paragraph 
processor on the market Indentation !!! Centering !!! Underlining !!! BOLD FACE !!! 


today. Michael Shrayer is 
now proud to present the W I D E S C R E E N V I D E O ! !t 
new Electric Pencil II. Available to Imsai VIO video users for a huge 80x24 character screen !! 


HAVE WE GOT A VERSION FOR YOU ? 


The Electric Pencil II operates with any 8080/280 based microcomputer that supports a CP/M disk 
System and uses a Imsai VIO, Processor Technology VDM-1, Polymorphic VTI, Solid State Music VB-1B, 
Vector Graphic Flashwriter or any similar memory mapped video interface. Specify when using CP/M 
that has been modified for Micropolis or North Star disk systems as follows: For North Star add 
suffix A to version number, for Micropolis add suffix B to version number, e.g. SS-IIA, DV-IIB. 


Vers. Video Printer Price 
SS-II SOL TTY or similar $225. 
SP-II VTI TTY or similar — $225. MICHAEL SHRAYER SOFTWARE 
SV-II VDM TTY or similar $225. 1253 Vista Superba Drive 
SI-1I VIO TTY or similar $250. Glendale, CA 91205 
DS-II SOL Diablo 1610/20 $275. (213) 956-1593 
DP-II VTI Diablo 1610/20 $275. 
DV-II VDM Diablo 1610/20 $275. 
DI-II VIO Diablo 1610/20 $300. 
The Electric Pencil I is still available for non CP/M users: 
- Vers. Video Printer Cassette Disk Drive Price 
coming mmm mn mm --— 
1 ss SOL TTY or similar cuts --- $100. 
attractions SP VTL TTY or similar Tarbell --- $100. 
2l SV VDM TTY or similar Tarbell -—- $100. 
Sort & Merge Utility !!! SSN SOL TTY or similar CUTS North Star $125. 
SPN VTI TTY or similar Tarbell North Star $125. 
The NEC printer package !!! SVN VDM TTY or similar Tarbell North Star $125. 
DS SOL Diablo 1610/20 CUTS --- $150. 
The HELIOS Electric Pencil !!! DP VTI Diablo 1610/20 Tarbell --- $150. 
Dv VDM Diablo 1610/20 Tarbell --- $150. 
Pencil to CP/M file conversion !!! DSN SOL Diablo 1610/20 CUTS North Star $175. 
DPN VTI Diablo 1610/20 Tarbell North Star $175. 
CP/M to Pencil file conversion !!! DVN VOM Diablo 1610/20 Tarbell North Star $175. 


Demand a demo from your dealer! 
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POWER TABLE 


CD4013 
LM339 
MM57109 
LM340T-50 


7 
6 
5 
output ^ 
PORT 3 
2 
t 
o 
———— ic4 
&rROBE tr (> » o MM57103 
MSB 
DIGOUT 
INPUT 
PORT 


O — NW DUAN 


POWER CIRCUIT 2.2K (5) 7 
LM340T-5.0 


{=> tsy y 


91V, IW ZENER 


CIA ICIB ICIC 


Le na "Depp 


Figure 4: Schematic diagram for interfacing the processor to a computer. The STROBE signal can be any software controlled 
output pulse with a width varying from 200 ns to 50 us. The rise and fall times are noncritical. All unused inputs in the circuit 


should be grounded to prevent floating voltage problems. AH resistors are 0.25 W unless otherwise specified. All resistances ure 
measured in ohms. 
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"OLD RELIABLE 


BASIC FLOPPY DISK SYSTEM 


RANDOM ACCESS FILES 
ANY NUMBER OF FILES MAY BE OPEN (IN USE) AT ONE TIME 


THE NUMBER OF FILES AND SIZE OF FILES IS LIMITED 
ONLY BY THE SIZE OF THE DISK 


MERGING FILES REQUIRES NO EXTRA DISK SPACE 
NO WAITING FOR THE DISK TO RE-PACK 
LONGER DISK LIFE—MORE EVEN DISK WEAR 


We delivered our first mini-floppy disk system a year and a half ago — 6 months ahead of any other 
6800 based mini system. Since that time, it has earned the reputation of being the most reliable mini-disk 
system available. 

This system comes completely assembled with a disk controller that is plug compatible with the SWTPC 
6800. In fact all our products use the 6800 standard SS-50 (Smoke Signal 50) bus used by SWTPC. The 
cabinet and power supply are capable of handling up to 3 Shugart Mini-Floppy Drives. One drive is included 
in the price of the BFD-68 and others may be added easily at any time. Or you may save money by order- 
ing the dual-drive BFD-68-2 or triple drive BFD-68-3 (pictured). Price: BFD-68 $795, BFD-68-2 $1139, 
BFD-68-3 $1479, SA-400 Drive $355. 

A bootstrap PROM is included on the controller board to initiate the Disk Operating System. Thus, you 
can be up and running from a cold start in just a few seconds. 


SUPER SOFTWARE 

The BFD-68 includes our new expanded disk operating system and disk file handling BASIC interpreter. 
In addition, the BFD-68 is supported by the most complete microcomputer software available today. This 
includes an excellent editor and text processor, several assemblers and a BASIC compiler. 


Send for FREE NEW Computer Products Catalog 


SMOKE SIGNAL BROADCASTING 


6304 Yucca/Hollywood, CA 90028/(213) 462-5652 
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icr. . Hiari j JSO0FTVARE LISTING FOR MN&T7109 MICROPROCESSOR DHIUER/DEMONSTRATOR 
Listing 1: An 8080 familiarization program IVRITIEN FOR AN GOGO” BY P MELSON 


r OogO0 3E BF "VI A,BF ISET PORSI,HO0LDeG 
for the MM57109 which allows the user to 9000 3E BF ao MYI ABF FSET PORSI HOLDSO | 
execute single commands and observe the 0205 OX DA NVI C.04 — $SHORT TIMING VALUE 

» 0207 OD Loop OCRCE 1TO TIME POR 
results. The program will output a prompt- 0808 Ce 07 OF «MZ LOOP = SPULSE 
. ; Og0B 79 MOV ALC ICLR A 
ing colon after which the operator can OgOC 3 O1 80 STA 1/041 ISET MOLD, POR=0 
] ] ] 6080Ff CD BF oe CALL NXTRDY JWAIT FOR RDY PULSE 
input the command to be observed in its ORIQ CD AF OR CALL NXTRDY ;WAIT FOR RDY PULSE 
OBIS F4 40 NEXT ORI A0 35ET HOLD»! SO $7109 
octal format. ogB17 3? OI 80 STA 1/041 3$TOPS OW MEXT RDY 
081A CD BF o8 CALL NXTRDY } RETURNS WITH $7109 HALTED 
OB81D 3A OI BO NEXT+ LDA 1/061 JREAD BRs ERROR 
o880 17 RAL 
. . ogge1 17 RAL IBR TO CARRY 
with the input port. If you have a spare onee 17 RAL 
. ` 0883 3g O4 80 STA 1709A ICLA F,F.'S WITH STROBE 
interrupt, however, you can connect It to OgP6 47 MOV B.A ;TEMP STORE ACC 
H - oge? D? BF OR JNC ERROR? 1f NO BRANCH 
the RDY line to free the computer from the DELA DF AP XUI Aag  SASCII B 
- 1 a | » HP oeec CD 10 OI CALL OUTCHR CHARACTER DISPLAY 
task of polling the input port while the oser 78 ERROR? MOV ALB RETRIEVE AGG 
1 " i r 1 0830 17 RAL ERROR TO CARRY 
MM57109 is executing an instruction. bea pe 39 08 RAL erou TEROR TO Ca 
DIGOUT is monitored by the computer 0934 3E 45 MVI A&45 — JASCII E 
. à . 0236 CD 10 01 CALL OUTCHR ICHARACTER DISPLAY 
when processing the MM57109's OUT in- 0239 3E 3A  FETCH MVI A,3A — JASCII 1 
" . . . vl 083B CD 10 OI CALL GUTCHR JCHARACTER DISPLAY 
struction. It goes high to signify the presence ORJE Cb 9E OP CALL OCTIN IGET INSTRUCTION CODE 

e. A D AE O2 CALL INSTRCOTSGIVE 57109 OPCODE 

of a digit on DO, thru DO4 and must be 0PAA FE 16 CPI 16 SOUT CODE 
logit icer 0946 CA AC O8 JL OUT JVAS 1T AN OUT OP 
reset by the computer after the digit is read 0849 C3 15 02 JMP NEXT —— 11F MOT, NEXT INSTRUCTION 
in. When reading in digits, the computer will 
also monitor the RDY line to tell when the ! OUT READS IN CORRECT 4 OF DIGITS, STOPPING BY SENSING RDY AND 
. . : 1THEN DUMPS BUFFER TO DISPLAY IN HEX/BCD 
instruction is completed. O?aC g! OC 03 OUT LXI K STOP OF BUFFEA LOCATION 
n O24F 3A O1 80 NOTYET LDA 1/001 JGET INPUT 
It should be noted that this program was 0052 17 RAL ) ROTATE 
1 - 0853 17 RAL IDIGOUT INTO CARRY 
written for my personal 8080 system and casa oF AF 02 FNG MOTYET )DIGOUTeG! 
: lo: 0257 IF NXTDIG RAR JRESTORE DIGIT 
uses memory mapped IO, ie: my 10 ports eir ir RAR JRESTORE DIGIT ce 
are addressed as memory locations. If you 0859 77 MOV NGA JPUT [M BUFFER 
. 095A 20 DCR L IDCR POINTER 
have à system which uses the 8080 IO ports, 025B 32 04 80 STA 1/064 RESET DIGOUT F.F- 

ill - bs : ~ IN | OUT O@SE 3E 40 MVI Asad INOW THAT WE ARE OAST QUT*'S £ND 
you will want to substitute anc 0260 32 Of STA 1/041  FADY, SET HOLD«| TO STOP AT END OF OUT 
H - H " - ao 02863 3A O1 BO AGAIN LDA 1/041 GET INPUT 
instructions for LDA and STA, 0P66 11 FAL IROTATE ADY INTO CARRY 

1 1 m 0267 DA 71 OP JC DISPLAY %JIF DONE. GO TO DISPLAY 

respectively. ORGA 17 RAL JROTATE DIGOUT INTO CARRY 
086B D? 63 OP JNC AGAIN JNO DIGIT READY? 
026E C3 57 OP JMP STORE DIGIT,GET NEXT ONE 
0287! 3E OC DISPLAY MVI AOC JCALCULATE DIGIT 
0273 95 SUBL JCOUNTCOC POINTER VALUE} 
0274 4F LISTING MOV CoA ISTORE COUNT IN REGISTER C 
0275 21 OC 03 LXI HK JBUFFER LOCATION 
0278 7E MOV A.M GET 157 DIGIT 
0879 £6 OF ANI OF IGET LOWER 4 BITS 
O?TB FE OA CPI OA 
027D DA 82 OP JC "0-9" J!DON,T CHANGE IF 0-9 
0280 C6 07 ADI 07 SCONVERT A-F 
oege C6 30 "0-9" ADI 30 SCONVERT ALL TO ASCII 
0884 CD 10 OL CALL OUTCHR JDISPLAY CHARACTER 
0887 2D DCR L JDECR FOINTER 
Og88 OD per C JDECR COUNT 
0289 C? 78 OP? JNZ MORE SOMORE DIGITS TO DISPLAY 
o?8C C3 ID oe JMP NEXT« IDO NEXT INSTRUCTION 


INXTRDY WAITS FOR A POSITIVE TRANSITION ON THE ADY LINE AND THEN 
3RETURNS 
O86F JA o} SO MXTHDY LDA {7001 38£T [NPUT 


ogo 17 RAL sROTATE RDY INTO CARRY 
0893 DA BF OB JC NXTRDY 
T : 0296 3A 01 80 NOTRDY LDA 1/001 5GET INPUT 
— 0299 17 RAL JROTATE RDY INTO CARRY 
089A DE RC SIF CARRY IS KI GH.RETURN 
The KIM to S- 100 bus 029b C3 96 02 JMP NOTRDY  JOTHMERVISE TRY AGAIN 
Interface/Motherboard 
SOCTIN RECEIVES @ DIGITS (1T ASSUMES NUMERIC INPUT) AND CONVERTS 
* Combines the power of the 6502 with the flexibility of JTO A 6 BIT VALUE IN ACC REPHESENTING A B OCTAL DIGIT INSTRUCTION 
the S-100 b ICODE FOR THE 57109. AN IMTERRUPT DRIVEN KEYBOARD IS ASSUMED, BUT 
e us p ITHE 3 BYTE FORMAT (EI,HLT,NOP) LEAVES ROOM FOA A CALL INSTRUCTION 
* Attaches to any unmodified KIM ITO THE USER'S INPUT SUBROUTINE IF THIS I5 NOT THE CASE 
; ; orse ye El 10ET 
* Complete interface logic and fully buffered motherboard D29F 76 HLT BYTE 
in one unil OROA 00 NOP P INPUT 
* On-board regulation of power for KIM OLCA! £6 07 ANI 07 JWASK FOR LOWER 3 BITS 
* Eight slots of S-100 ibility for additional RAM oraa 13 pat er 
ight slots of S- compatibility for additional . Ogaa 17 RAL IDIBIT UP 3 
Video and VO boards. PROM Programmers, Speech ORAS 17 RAL SPOSITIONS 
ORAS A7 MOV BAA )TEXP STORE ACC 
processors... ORAT FB zI ns 
* Includes all parts, sockets for ICs, one 100 pin connector, ORAB 76 HLT SBYTE 
i i ORA? 00 NOP J ENPUT 
and full Assembly/Operating documentation ORA Po 07 AMT O7 IMASK FOR LOWER 3 BITS 
. ORAC BO ORA B 1COMBINE DIGITS 
* Kit $125, Assembled $165 ORAD C9 RET SC RETURN? 
* All units shipped from stock 
FORETHO HT P S JINSTRCT PUTS INSTRUCTION CODE OW I] TO I6 WHILE LEAVING HOLD HIGH. 
UG RODUCT JIT THEM SETS HOLD TO 0» 
P.O. Box 386-F — ORAE Fe ao INSTRCT ORI 40 JHOLDei WITH OPCODE 
- 0280 3? 01 80 STA I/061 —10UTPUT IT 
GU Coburg, OR 97401 m 0gB3 E6 3F AMI 3F 1MXB-] OF HOLD = O 
z ORDS 32 01 BO STA I/0#)  JOUTPUT IT 
OREB C9 RET 3} CRETURN > 
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A COMPLETELY REFURBISHED “SELECTRIC” 
ASCII TERMINAL FOR THE SMALL BUSINESSMAN 
OR SERIOUS HOBBYIST. 


The Ad 841 I/O Terminal. 
Now with RS 232 interface. 
Now available from dealers. 


Demand for our AJ 841 I/O 
computer terminal has been 
great. And now that we've finally 
added RS 232 interface, it will 
get even greater. So while you 
can still order it direct from us, 
now you can also buy it from 
dealers around the country. But 
act now. Our special 
introductory price of 
$995 will soon 
be raised. 


HOW TO ORDER DIRECT 
FROM THE FACTORY 


1. Make cashier's check or money order 
Lae ei to Anderson Jacobson, Inc. and 
mail to: 


Anderson Jacobson, Inc. 

PERSONAL COMPUTER TERMINAL 
521 Charcot Avenue 

San Jose, CA 95131 

2. You will be notified when your unit is 
ready for shipment. Allow six to eight 
weeks for delivery. 

3. Shipments direct to you will involve a 
collect freight charge (FOB San Jose) in 
addition to the $35 M charge: 
Shipments to nearest AJ office include 
freight in the $35 handling charge. 

4. For warranty or repair service, return 
unit to local dealer or to designated AJ 
service location. 


Available only in U.S. 
Circle 10 on inquiry card. 


The AJ 841 features: 
* Choice of Serial RS 232 or e Off-line use as typewriter 

parallel interface Documentation included 
e ASCII code 30-day warranty — parts and 
e 14.9 cps printout labor 
* High quality Selectric printing * Mail order shipments to AJ 

e Reliable, heavyduty office or direct to you. 

Selectric mechanism 


Warranty and service 
available from your local AJ dealer — 
or from AJ offices in: 
NI Atlanta/Boston/Chicago/Cincinnati/ 
d Cleveland/Columbus/Dallas/ 
Detroit/Hackensack/Houston/ 
Los Angeles/New York/Philadelphia/ 
San Jose/Washington, D.C. 


_ Full warranty information 
available on request. 


Order with coupon— or from 
your local AJ dealer 
For location of your nearest AJ dealer 
call toll-free: 800/538-9721 
(Calif. residents call 408/263-8520). 


ANDERSON 
JACOBSON 
CLIP AND MAIL WITH ORDER 
Select interface: O RS 232 or O Parallel 
Select keyboard: D EBCD or O Correspondence 


O Ship direct to me (freight collect, FOB San Jose) 
DO Ship to AJ office (freight incl. in handling charge) 


Number of units at $995 each $ 
Sales tax at delivery location $ 
Shipping and handling $35 each 
(excluding San Jose) $ 
TOTAL $ 
NAME 
ADDRESS 
CITY STATE... ZIP 
PHONE ( ) 
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PERSONAL COMPUTING COLLEGE 
Has the industry's leading speakers 
participating 


Dr. John W. Mauchly, Co-inventor of ENIAC 

Robert W. Bemer, The father of ASCII 

Or. Adam Osborne, Author, of Osborne & Associates 

Robert S. Jones, Publisher & Editor-in-chief, INTERFACE AGE MAGAZINE 
Carl Warren, Semor Editor, INTERFACE AGE MAGAZINE 

Walter Banks, Author, University of Waterloo 

Dr. Christopher A. Titus, Author of the BUGBOOKS 

Carl T. Helmers, Jr., Editor-in-chief, BYTE MAGAZINE 
Christopher P. Morgan, Senior Editor, BYTE MAGAZINE 

Blaise W. Liffick, Sensor Editor, BYTE MAGAZINE 

Dr. Robert Suding, of The Digital Group 

Chod Harris, of the Americal Radio Relay League 

David H. Ahl, Publisher, CREATIVE COMPUTING MAGAZINE 
Merl Miller, Author, Publisher dilithum Press/Matrix 

Bill Langenes, Associate Editor, COMPUTER RETAILING 

Jim Warren, West Coast Computer Faire 

Sol Libes, President, Amateur Computer Group of New Jersey 
Richard Moherg, President, Philadelphia Area Computer Sociely 
Richard A. Kuzmack, President, Chesapeake Microcomputer Club 
Rodnay Zaks, Author, Publisher, SYBEX lnc 


Howard A. Chamberlin, Jr. (Hal), Author, Inventor, Micro Technology Unlimited 


Larry Steckler, Editor. Radio-Electronics Magazine 


Tod Loofbourrow, Student and Author for Interface Age Magazme 
and Hayden Book Co 


many-many more 


80 hours of free seminars 
on subjects such as: 


e Building your own robot 

e Personal computing applications 
for the home 

« The microcomputer controlled 
solar energy home 

e Business applications 

e Educational uses 

e Understanding softwear 

e Ham radio applications 

e Designing your own 

microcomputer system 

Everything you wanted to know 

about floppies 

Softwear copywriting and 

trademarks 


EECE CIEN 
SPECIAL at our show: 


The unveiling of a new, 
complete, easy-to-learn high 
level language for micro- 
computers. 

» A complete series of seminars 
aimed at the small business 
man presented by the 
INTERFACE AGE speaking team. 
Computer music. 


THE AMAZING MICRO-MOUSE MAZE CONTEST 


Official East Coast Runoffs being held Fri., Sat., 
Sun. at the show. Sponsored by IEEE Spectrum. 


A contest of self-contained microcomputer 


controlled mice designed to negotiate a complex 
maze. 


PHILADELPHIA CIVIC CENTER 


August 25. 26. 27th at the Philadelphia Civic Center 
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THE 1st FULL DAY INDUSTRY TRADE SHOW AUG. 24th 


e Personal LARGEST SHOW EVER HELD! 


300 BOOTHS 


€ Computing pete 
78 


DEALERS — RETAILERS 
INDUSTRY REPRESENTATIVES 
EXHIBITOR GUESTS 


PHILADELPHIA 


Personal Computing and Small Business Computer Show 


PHILADELPHIA CIVIC CENTER acces 2am.27n, 1575 


@ A Full Day To See Your Suppliers, Dealers, Distributors 
TER FOR @ New Products and New Manufacturers 
S @ Plus Three Additional Days 
€ Aug. 25th-27th, Personal Computing Show 


BE A SPEAKER 
AT ONE OF THE SEMINARS 
BEING PLANNED FOR 


DEALERS AND RETAILERS 
AT OUR 
PERSONAL COMPUTING COLLEGE ™ 


PRE REGISTRATION INCLUDES: 


@ Distinctive Badge for Admission to Aug. 24th Trade Show 
Q Special Seminars and Meetings 

Q Admission to Personal Computing Show Aug. 25th-27th 
@ Hotel and Philadelphia Information Package 


@ Newsletter See our ad on page 151. 
l L] Send. . Dealer-Retailer COMPANY NAME | 
E Registrations at $15.00 each NAME - 
l Send Exhibitor Information STREET l 
l Amount Enclosed $_ OY —— AE ZIP | 
| PHONE | 
| Please include your business card Send To: 
| or Letterhead PERSONAL COMPUTING Inc. - 
Rt. 1 Box 242 € Mays Landing, N. J. 08330 € 609—653-1188 BYTE | 
[ Lol ee LI LL s LL LL LLL... LLL LLL LL LUE ee s LL. e LLL. LL. LL... UU. LL eee IL Lu Lo eee LL LL. s eee eee eee .,. LLL, ee eee — 
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Stephan R Alpert 
Worcester Polytechnic Institute 
Worcester MA 01609 


PASCAL forces the user 


to think logically and 
plan out the program, 


Most PASCAL users con- 
sider programs better if 
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they have fewer labels. 
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PASCAL 


A Structurally Strong Language 


People should be able to communicate 
their ideas to a computer in a language that 
people understand; not simply in a language 
they know. Additionally, if the computer 
can be made to understand the same language 
easily, all the more reason Lo consider its 
use. Such a language is PASCAL. This lan- 
guage, perhaps more than any other com- 
mon language, is the easiest to understand 
and more importantly, allows a straight- 
forward presentation of most algorithms. 
Although many languages also make this 
claim, few have the overwhelming and 
energetic support from collegiate computer 
science departments. Let's consider some 
of the language features of PASCAL. 

This language is equipped with a precise 
syntactical description that defines both 
how programs may be constructed and 
how PASCAL compilers should function. 
There is a required form for programs, 
statements within programs, and data 
operated upon by programs. AL first glance, 
a nalve user may rebel at this apparent lack 
of freedom: (eg: BASIC allows a dimension 
statement virtually anywhere in a program). 
One soon learns that this structure admits 
very general programs and in no way limits 
the programmer in exercising his talents, On 
the contrary, it forces the user to think 
logically and plan out the program. 

A program written. in PASCAL may 
utilize the free format form of programs that 
is conducive to structured. programming. 
Unlike line oriented. source. languages, 
PASCAL allows exta spaces, tabs and car- 
riage controls to be inserted anywhere with- 
oul significance. except in the middle of 
identifiers or character strings. Comments 
may be inserted wherever spaces may be 
inserted and are delimited by "(* 22. ER. 
^ program is made up of two parts, a 
heading and a block. The heading contains 
the name of the program and lists its param- 
eters, The parameters are somewhat. ime 
plementation dependent but normally 


specify the names of file pointers from 
which the default input is received and to 
which output is sent. A typical heading is 


program parser (input, output? 


A block consists of six separate segments or 
sections of a program. All but the last part 
are optional. These are: 


Label declaration section 
Constant declaration section 
Type declaration section 
Variable declaration section 
Procedure and function declaration 
section 

€ Statement section 


Labels in PASCAL identify statements 
to which control may be transferred. Labels 
are numeric; more specifically, unsigned 
integers. Not every statement requires a 
label. In fact, most PASCAL users consider 
programs better if they have fewer labels. 
At first glance, these declarations might 
seem a nuisance, but they force the user 
to think about the entire program before 
sitting down at a terminal. 

The constant declarations allow a user to 
create synonyms for constants used in the 
program. Thus 


pi=3,141592- 
872,7182818; 


const 


defines the constants "pi" and "e" for use 
throughout the program. Clearly, it no 
longer is necessary to type 3.141592 in the 
several places required by a program. Addi- 
lionally, one may name characler strings 
as well 


const title7'matrix inversion program vO1": 


The type declaration section allows creation 


of user defined named data types. This 
will be discussed in some detail later. PASCAL 
has four predefined data types: integer, real, 
Boolean, and character. Most versions of 
BASIC support the first three- types and 


ARTEC CRAFTSMANSHIP HAS CREATED 


The First 
Truly Silent 
Motherboard 


Noise in your bus lines means errors 
in your programs. The Artec shielded 
Motherboard totally eliminates noise. 

At 4MHz, the Artec shielded 
Motherboard is free from spurious 
noise, No ringing in your bus lines. 
No errors in your programs. 

This Motherboard offers you 
engineering and craftsmanship 
never before available in the small 
computer field. Outstanding as 
either a replacement for your 
present Motherboard or as the 
heart of a new system. Con- 


sider these features: 
E Veth inch thick—more than twice as thick 
as most Motherboards. 
W Totally shielded—all holes plated 
through; full bus terminations. 
W Fitseasily into any stan- 
dard chassis. 
@ Masterite edge 
connectors—the 
finest quality con- 
nectors available. 
@ Reflowed solder circuitry. 
B No soldering required. 
@ Designed for the S-100 bus. 


The Motherboard price is: $150(kr) ~ 
$190 (ASSEMBLED) ^. 


Five years of experience in every card 

For five years, Artec has worked hard to de- 
velop a complete line of custom, prototype and 
off-the-shelf printed circuit boards. And in five 
years of tough industrial use, Artec boards have 
proven themselves among the most reliable 
boards available anywhere. 


NEW! DEC? and Heath Compatible LSI 
Boards 

The new Artec WWh11 lets you adapt or add 
onto your DEC LSI-11 or Heathkit — LS! mini- 
computer. Can accom- — did PHI ae ay 
modate 14 and 16 pin x 
DIPs plus all necessary 
passive components. 

FULL CARD $75 


(10.45" x 8 4") 


HALF CARD $35 


(5.225" x 8.4") 


Circle 20 on inquiry card. 


® Trademark of Digital Equipment Corporation 


Order today! 

Put an Artec board to work for you. Use your 
Mastercharge or Visa. Or just send along a 
money order. We can accept only U.S. currency. 
Please include $3 handling on all orders. Califor- 
nia residents add 696 sales tax. 


Please send me: (include quantity) 


Shielded Full WW11 Half WW11 
Motherboard Card Card 


DJ ve enclosed a money order for $ 
O Mastercharge O Visa 


(number) (exp. date) 


t City — — State Zip 
} Caf. Res. add 6% sales tax. Enci. $3 handling. 10% discount for students and 
| computer club members. (Please enclose name of club or school) 


ARTEC ELECTRONICS, INC. 


Artec Electronics, Inc. «605 Old County Rd.* San Carlos, CA 94070 


(415) 592-2740 
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Arrays may be multi- 


dimensional and include 


arrays of arrays. 


Items of different types 
may be aggregated intoa 
single entity that can be 
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stored as one logical 
unit. 
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strings. Data of type character is very con- 
venient in a microprocessor environment 
since a byte is the basic unit of memory. 

The variable declaration section requires 
the naming of all identifiers that will be used 
as variables within this block. FORTRAN, 
BASIC, APL, and LISP do not adhere to this 
convention. Again PASCAL forces the user 
to think about what he wants to say before 
he says it. A sample variable declaration 
section might be 


var X,y integer; 
cost: real; 
flag:boolean; 


PASCAL's design allows the user to combine 
the utility of type declarations and variable 
declarations into data forms that would 
shame BASIC and FORTRAN. We have 
already seen PASCAL's predefined scalar 
variable types above. These are actually 
known as simple types. 

Another simple type is the subrange type. 
Often a variable in a program may be ex- 
pected to take on values only from asubrange 
of a simple type, say integers. For example 


var asiz: 1., 100; 


4 


meaning ‘‘asiz” will be an integer whose 
values should lie between 1 and 100. Note 
that the compiler might choose to store 
“asiz” as a byte rather than a word if it was 
efficient enough to do so. Alternatively, if 
several variables are of the same range, à 
type statement could have been used 


type {siz=1..100; 
var asiz, bsiz, f1:Isiz; 


Another simple type is the symbolic 
scalar type. This feature permits identifiers 
to be used in place of a sequence of integers, 
greatly enhancing the readability of the 
program. Suppose a program needed to 
represent the months of the year as a vari- 
able associated with some billing informa- 
tion. The approach in BASIC would be to 
use the sequence 1, 2,...,12. PASCAL 
could use the subrange type 1 . . 12 or better 

type 
months = (jan, feb, mar, apr, may, jun, 
jul, aug, sep, oct, nov, dec); 
var billmonth,duemonth: months 

In the statement section of a program, 
"billmonth" may be assigned one of the 
symbolic scalars from '*months" or tested to 
see how its value compares with "'due- 
month." There are several functions avail- 
able that operate on symbolic scalars, for 
example, ord(billmonth) would yield a 
number between O and 11 indicating the 
position of that month in the list "months." 

Simple types are part of a more general 
data description called a type. Types include 


pointers which are used when dynamic data 
storage is referenced, file pointers which are 
used to reference secondary data storage, 
and arrays which are used with vector data 
storage. An example of an array declara- 
tion is 

var cost: array [months] of real; 


Notice that this array will be indexed, or 
subscripted, by “months.” In general, 
arrays may be indexed by any simple types, 
may be multidimensional, and may be of 
any type, including arrays of arrays. 

Two additional types set PASCAL in a 
class by itself; these notions allow powerful 
algorithm descriptions. The set type allows 
user manipulation of sets. Consider 


var special: set of months; 


The union, intersection, and set difference 
operators as well as relational operators may 
be applied to sets. A variable of scalar 
type may be tested for membership in a set 
of the same scalar type, for example 


if billmonth in special then. . . 


The last type is the record type. Items of 
different types may be aggregated into a 
single entity that can be stored as one logical 
unit, for example as one element of an 
array. 


type 
customer = record 

name:array [1..20] of char; 
bal ,bal 30: real; 
datedue:daterec 

end; 

record 
day:1..31; 
mo:months; 
year:integer 

end; 


daterec - 


var 
database: array (1..100] of customer; 


To reference fields of a record, the record 
name followed by a period, followed by the 
field name is used. Hence the over 30 day 
balance of customer 12 is "database|12]. 
bal30" and the day of the due date of the 
current. bill of customer 27 is "database[27] . 
datedue.day." The fuli impact of record 
types cannot be explained in this short 
article; they must be used to be appreciated. 
One advantage of records is that items may 
be logically grouped together rather than 
stored in parallel arrays. 

Procedure and function definitions would 
follow next in a program. They may be 
recursive and permit parameter passing in a 
style somewhat similar to ALGOL. Because 
of the position in a program of these declara- 
tions, procedures and = functions may 
reference globally any variables or types 
defined in the main program. The body of a 


Osborne & Associates is publishing its business systems in book form. These 
systems represent five years of development and testing by O&A programmers, 
and the books include another year's worth of extensive and detailed documenta- 
tion. 


What systems are we selling? 


1. PAYROLL WITH COST ACCOUNTING — available now, on display at 
your local computer store. 

2. ACCOUNTS PAYABLE AND ACCOUNTS RECEIVABLE — should be 
published by July 30. 

3. GENERAL LEDGER — will follow A/P AND A/R, probably published in 
September. 


Each book sells for $15, and includes source listings in Wang BASIC, program 
and system documentation, and user's manual. Each is a complete package by it- 
self, or all three may be implemented together to form a complete system with 
interdependent files. 


And if Wang BASIC won't work, or you don't know programming, or you'd 
rather not key in thousands of words of source code*, take a look at the list of 
consultants who have adopted O&A programs, converted them to run on many 
popular systems, and are waiting to hear from you. 


*Wang listings available from Osborne & Associates on cassette or hard disk 


GOOD NEWS FOR CONSULTANTS, COMPUTER STORES AND SYSTEMS 
HOUSES 


Osborne & Associates is converting its business systems from Wang BASIC — as it was originally 
published — to CP/M C-BASIC, which runs on most floppy disk-bused microcomputer systems. 
The disks for each book sell for $250. Once you buy the floppy disk you can copy it, resell it. change 
it or use it. We place no restriction on the magnetic surface; we copyright only the printed word in 
our books. 

We will only sell the CP/M magnetic surface to consultants, computer stores and systems houses. 
Osborne & Associates prefers to write and sell books, not customize the programs or answer. the 
end user's questions. PAYROLL should be available on CP/M in July — call us for exact 
availability and more policy information 


If you are an end user, write or call us. We will put you in touch with vour closest dealer. 
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procedure or function is identical to the 
body of a program; hence, procedures may 
be defined within procedures, and so on. 
Any variables defined within procedures or 
functions are considered local to the pro- 
cedure and are unique to each invocation of 
the procedure. The sample program in 
listing 1 has several examples. 

The statement portion of a program is 
called a "compound." A compound is a 
sequence of the keyword begin, any num- 
ber of statements separated by semicolons, 


Listing 1: The Polish “compiler” listing. Notice that PASCAL does not con- 
strict the format of the program line. Indentation allows the program blocks 
to be easily separated from each other and makes the program easier to read. 
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PROGRAM PARSECINPUT, OUTPUT», 
t*PROGRAM PARSES SIMPLE ARITHMETIC EXPRESSIONS 
INTO THEIR RESPECTIVE FOLISH CODE IT DOES 
THE PROPER TYPE CONVERSIONS NECESSARY FOR 
REAL AND INTEGER EXPRESSIONS ACCORDING TO 
THE FORTRAN CONVENTION 
REAL A-H. G-2 
INTEGER  I-N 
VARIABLES ARE ONE LETTER LONG*> 
LABEL 99; ‘*FOR ERROR RESTART*> 
CONST 
DONTCRRE-'?', (MARKERS FOR CODE GENERATOR+> 
MRXPCS1980. C*#MAXIMUM CODE SFRCE*» 
TYRE 
CODESPRCE-1 MAXPC, (*ADDRESS SPACE») 
ATTR=<(NONE. INT, READ, (ATTRIBUTES OF GPCODES AND EXPRESSIONS«: 
LEXTVZCRDDOP, MULOP. LPRREN, RPRREN. IDENT. EOL». 
C*sTHESE LEXEMES FOR INFUT ASSUME A NON-HOSTILE USER+> 
INSTRUCT ION=RECORD 
GPC CHAR: (*DPCODE*) 
ITYPE ATTR, («OPCODE TYPE*> 
ADR CHAR (4HRPE OF TDENT+> 
END; 
YAR 
CODE: RRRAYECODESPACE) OF INSTRUCTION, C*WHERE CODE GOES*> 
PC CODESPRCE; ¢*PC OF CURRENT INSTRUCTION*» 
GRTTR: RTTR. ¢*GLOBAL TYPE OF EMPRESSIONS+> 
CH CHAR: C*#CURRENT INPUT CHRRRCTER*»5 
CHT"PE RTTR, <*CURRENT CHARACTER ATTRIBUTE IF IDENT*) 
LEX LEXTY,. C#LEXEME OF CURRENT INPUT*) 
BFR PRCKEOC ARRAY(C1 8021 OF CHAR, (* INPUT BUFFER*) 
BF INTEGER; ¢*CHARACTER SUFFER POINTER») 
PROCEDURE SCAN; (*PROCESS NEXT INPUT CHARACTER®*> 
BEGIN 
REPEAT 
BP: =BP +1; 
CH: =BFRCSP] 
UNTIL CHB’ “^ 
C#WORRY ABOUT END OF LINE*) 
IF ORD(CH>=@ 
THEN LEX: EOL 


ELSE 
IF CH IN [*R^. '2'1 
THEN 
BEGIN 
LEX: *-IDENT; 
IF CH IN f^I'  "'N'J2 
THEN CHTYPE. -INT 
ELSE CHTYPE =REA 
END 
ELSE 
CASE CH OF 


“7: LEX. -LPRREN; 
737: LEX. =RPAREN. 
t4*,*-2' LEX: aADDOP: 
tt, 14°" LEX: &MHULOP 
END 
END (*DF SCRN*5; 
PROCEDURE ERROR; 
BEGIN 
WRITELN” ^. BP+1, 7 ERROR’); ¢*COMPENSATE FOR USER PROMPT*> 
GOTO 99 
ENO ¢*OF ERROR*»; 
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and the keyword end. The program ends 
with a period. Each of the statements with- 
in a compound may be one of a variety of 
different kinds of statements. Assignments, 
like 


database [i+k] .bal:=total 


are the most common statements. PASCAL 
supports a large number of control state- 
ments which give the language its structure. 

PASCAL has à looping control similar 
to that of standard BASIC but the step or 
increment may be only +1 or —1. The for 
statement causes a single statement, which 
could be quite complex, to be executed 
some number, including zero, times. For 
example 


for ind. =1 to 100 do 
begin 
due: *1.006* database {ind} .bal; 
database [ind] .bal:=0.0; 
sum:-sum-tdue; 
database[ind] .bal 30: 
1.006" database [ind] bal3Q+due 
end 


This segment shifts the balance 30 days, 
adds some interest charge and accumulales 
a sum of the recently aged balances. If in 
a for statement, the increment were to be 
—], then the keyword downto would re- 
place the keyword to. 

PASCAL supports both simple condi- 
tional and full conditional statements; that 
is 

if «condition? then statement 
and 


if <condition= then <statement:- 
else -statement- 


Any “dangling else, an else which follows a 
sequence of "if... then if... then...” 
is paired with the innermost if. 

When working with records, partial ad- 
dressing can be done by using the "with" 
statement. This allows the fields of a record 
to be referenced as variables. The previous 
example then becomes 


for ind:*1 to 100 do 
with database[ind] do 

begin 
due:71.006*bal; 
bal:-0.0; 
sum: =sum+due; 
bal30: 71.006" bal 3C0+due 

end 


Three additional control statements are 
the while, repeat, and case statements. The 
while statement allows a given statement 
to be executed as long as some Boolean 
expression is true (the condition is tested 
first). 


while condition do S statement 


The repeat statement allows one or more 


‘Dynabyte builds 
confidence into 
| my computer.” 


Plug-in-and-run performance takes the uncertainty out of 16k static RAMs with Alpha Micro or Cromemco bank switching 
owning a computer. That's the kind of computer products memory expansion techniques. 
Dynabyte builds. Computer users are so confident of Dynabyte's 16k dynamic 
Confidence in your computer is increased because you know . RAM they have made it the most widely used S-100 dynamic 
that Dynabyte S-100 boards are factory assembled by trained memory in the world. 
technicians, burned in for 72 hours at elevated ternperatures and If you intend to become a proficient data processor but 
continuously tested for three days. instead are unhappily debugging your system, or want to avoid a 
That was true of the industry's first assembled and tested 16k lot of debugging, then Dynabyte will be a great choice. 
dynamic RAM from Dynabyte, and it continues with all the other As you spend less time monkeying with hardware and more 
products from Dynabyte. time computing, you'll become more confident of your abilities 
Once you plug Dynabyte boards in their careful design, and proud of your accomplishments. Isn't that what owning a 
factory prime components and quality construction keep them computer is all about? 
running. Dynabyte backs them with a one year warranty —the Tell your computer retailer with confidence that you want 
longest in the industry. Dynabyte boards—the plug-in-and-run performers. 


Incompatability is coming to an end. Dynabyte's 16k and 32k 1005 Elwell Court, = -— 
static RAMs come with access times of either 250ns for Z-80A Palo Alto, CA 94303. py Na npnÁnyT Re 
processors or 450ns for 8080 and 8085 chips. You can use the (415} 965-1010. = 


32k Fully Static RAM. 250ns or 450ns; 4k , CCS i M 16k Dynamic RAM. The industry's most 
boundary addressing; no DMA restrictions; full aa qehi P popular S-100 dynamic RAM. Self-contained 
Schmitt trigger buffering; no wait states; s aA e BR refresh logic is transparent to the 8080 processor 
complete S-100 compatibility; conservative bi AEN j and never generates a WAIT state, 1MHz direct 
thermal design includes eight regulators and à 7 UE memory access, 16k addressing. The Original 
heat sinks. 250ns, $995. 450ns, $925. E = : Great Memory by Dynabyte, $399. 


16k Fully Static RAM. 250ns or 450ns; bank Naked Terminal. 80 character x 24 line = 
select is provided and is compatible with most | TS um Mw 1920 character display capacity. Not just a video 


popular schernes for memory expansion beyond : ^ ee interface but a full terminal; plug into a 

64k including Alpha Micro and Cromemco | X [ mainframe with keyboard and monitor and savel 
systems; 4k block addressing along 4k 1 MERA UE Upper and lower case; black/white or 
boundaries; write protect with alarm for each 4k | Tp : white/black; block mode editing; addressable 
block; full Schmitt trigger buffering. 250ns, $555. = HoT a oo cursor; half and full duplex; no software sup; pport 
450ns, $525. required; addressable status and 1/O ports. $350. 
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Listing 7, continued: 


PROCEDURE GENCODECF CHAR. I ATTR. A: CHAR). 
BEGIN PC. =FC+1, 
IF POSNRXEC 
THEN BEGIN BRITELN‘ “OVERFLOW. >); ERROR END. 
WITH CODECFC) DO «* INDE INSTRUCTION*)> 
BEGIN OPC -F;IT"FE =I, ADR =A END 
END ¢#OF GENCODE+). 


PROCEDURE LISTCODE. 


WHILE LEX-RDDOF DO 
BEGIN 
LRTTR: -GRTTR, LOP -CH. 


AXP sPC*1, <#SAVYE ADDR OF NEXT INSTRUCTION*? 
SCAN, TERM. 
FIXUP CAXPC, LOP.LATTR* 

END 


END COF EXPR*^, 


BEGIN (*O0F MAIN PROGRAMS» 


WHILE TRUE DO *INFINITE LOOP«*? 


SAR LPC CODESPACE- BEGIN 
BEGIN 9^ REPERT 
FOR LPC. =1 TO PC DO WRITEC/2272. C4PROMPT LISER*? 
WITH CODELLPCJ DO BEGIN («INDEX INSTRUCTION®) BP =Ø; (*GET INPUT LINE» 
CASE OPC OF WHILE NOT EGLN DO 
+e CWRITEC^RDD >, BEGIN 
-' WRITES SUB‘ >, BP =BP+1, RERDCKBFREBP 2» 
^B' WRITEC^NEG: © END. 
he WRITE MUL" 0. RERDLN (#RESET EOL INDICATOR) 
"t WRITE? DIY >s UNTIL BPKi. (^GET A NON-EMPTY LINE«? 
"F^ WRITE FLOAT’ >. BFRLBPl -CHPKOD. «* <NULL> FOR EOL*^ 
"P^ WRITE. PUSH”? END. PC: =0. BP =Ø: (4SCRN FROM THE BEGINNING*> 
IF OPC4'F' SCRN. 
THEN EXPR; «*DOüES ALL THE WOPK+) 
BEGIN IF LEx-EOL THEN LISTCODE ELSE ERROR 
IF ITVPE-INT THEN WRITE( I’) ELSE WRITER? END 
END. END 
IF OPC-'P' THEN WRITELN¢CHR(11B8>. ADR? ELSE WRITELN 
END ¢*OF WITH AND FOR*> 
END («OF LISTCODE*): 
PROCEDURE FIXUPCAX CODESPRCE.  :4PC OF FIX LOCATION OF OPERRND 1>> . ws 
LOP CHAR. (CURRENT OPERATOR®> statements to be executed until a condition 
LRTTK ATTR>. . &*RTTRIBUTE OF OFERRND 2» becomes true (the condition is tested last). 
“AR TPC CODESPACE. 
BEGIN 
IF GATTRALATTR <*TYPES DON'T AGREE*) repeat <statement> {; a. 
THEN <statement> } until «condition? 
BEGIN . . 
IF GRTTR-INT  «*FLORT OFERRND 2e» The brackets denote a portion thal may 
THEN BEGIN GENCODE«'F'. NONE. DONTCARE>, GRTTR: =REA END . . . 
ELSE (*HAVE TO FLOAT OPERRND 1. MOVE CODE UP») occur zero or more times; for example 
BEGIN 
IF PC=MAXPC THEN BEGIN HRITELHC^OVERFLOM^ >. ERROR END. ind:=0; 
FOR TPC zPC DOWNTO AX DG CODELTPC*11. =CUDELTFC). repeat: 
PC =PC+1, c€TOOK ANOTHER WORD«»? ind:-ind*1 
END) OPE TES <SFLOAT OPERAND Len until (database[ind] .bal> 100,0) or 
END. (ind=100) 
GENCODE¢LOP. GATTR: DONTCARE> <*GENERATE OPERATION») . aon 
END €(*0F FIXUP*», This will find the first customer whase 
FEOLEDURE EXPR. CYHERE TS ALL THE HURK? balance is greater than $100, if one exists. 
LOP CHAR, C*#CURRENT RDDOP^» The case statement consists of an ex- 
LBTTR RTTR, C#ATTRIBUTE OF OFEFAND 2%) . . ; 
RXPC CODESPRCE. (#WHERE FLOAT OF OFERAND 1 GOES. IF NEEDED«: pression, known as the selector, and a list 


FROCEDURE TERM. 
YAR 
LOP CHAR; C*#CURRENT MULOP«» 
LATTR ATTR. (*ATTRIBUTE OF OPERRND 2*)> 
AXPE- CODESPACE:; C*HHEFE FLOAT OF OPERRND 1 GOES 
PROCEDURE FACTOR. 


IF HEEDEDe:! 


BEGIN 
IF LEXSIDENT  :*IDENTIFIER*)O 
THEN 
BEGIN 
GATTR: *CHT'YPE; 
GENCODE* P’, GRTTR, CHD. 
SCAN 
END 
ELSE 
IF LEX=LPAREN 
THEN 
BEGIN 


SCAN, EXPR; 
IF LEX=RPAREN THEN SCAN ELSE ERROR 
END 
ELSE ERROR 
END («OF FACTOR*);~ 
BEGIN ¢*OF TERM«> 


CH JUNK INPUT*> 


FACTOR: 
WHILE LEX=MULOP DO 
BEGIN 
LATTR: zGRTTR; LOP: =CH; 
RXPC: =PC+1; CKSRVE ADDR OF NEXT INSTRUCTION*) 


SCAN. FACTOR: 
FIXUPCAXPC, LOP. LATTR> 
END 
ENC (OF TERM*>; 
BEGIN (*OF EXPR*> 
IF LEX-RDDOP  «*LERDING SIGN) 


THEN 
BEGIN 
LOP zCH; SCAN: TERM; 
IF LOüP-2'-* THEN GENCODE£C^G", GRTTR, DONTCARE? 
END 
ELSE TERM 
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of statements, each labelled by one or more 
constants of the type of the selector. The 
statements whose constant is equal to the 
current value of the selector is executed. 
Some versions of PASCAL admit subranges 
for labels and an else or otherwise clause 
within a case statement, 


case database[ind] .datedue.mo of 


jan,feb,may: X «statement 17; 
mar,jun,jul: «statement 27; 
oct,dec: <statement 3> 
end 
Statement | will be executed if the due 


month is January, February, or May, and so 
on. Notice thal no stalement is executed 
if the month is April, August, September, 
or November. Of course, the nesting of such 
control statements is permissible and allows 
much more complex control structures to 
be implemented. 

The reset and rewrite statements initialize 
input and output channels, respectively. 
Some versions of PASCAL do not require 
these for the default channels input and 
output. The IO commands are designed at 
two levels. To move primitive dala to and 
from IO devices or files use the commands 


Racketsor < N 
Racquets? | g=. 


Software systems from 
TSC serve — whether 


or pleasure. TSC’s 
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industrial uses as well 
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the job or at work, TSC | - 
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Assembly Language Programs i 
(Includes Source Listings) 
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SL68-29C 6800 Text Processing 
System 538.95 
To Order: Include 3% postage. $1.00 
With Object Code Paper Tape handling on orders under $10.00, and 
SL68-24P 6800 Text Editing System $31.50 Indiana residents add 4% sales tax. 
SL68-26P 6800 Mnemonic Check your dealer! 
Assembler $31.50 
SL68-29P 6800 Text Processing . 
System 540.00 TSC Monthly Feature: 
SL80-10P 8080 Text Editing System $37.50 8080 Mnemonic Assembler 
SL80-] 1P 8080 Text Processing This is the most complete resident nom macro 
system 541.00 assembler available tor the 8080 arid the com- 
pete source listing is included The assembler is 
Cassettes are in the Kansas City Standard tully Intel compatible except tor logical expression 


format. Many other programs are 
available. Send 256€ for a complete 
catalog. 


Technical Systems 


Consultants, Inc. 


Box 25/4 
W Lafayette. Indiana 47906 
At 347-423-5465 
Specialists in Software & Hardware for Industry & the Hobbyist 
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FACTOR 


VARIABLE 


TERM 


FACTOR 


Figure 1: Syntux diagrams for generation of valid expressions. The diagram 
“expr” is entered from the left und calls term. Term calls "tuctor" which may 
cull expr, etc. This model assumes that the only operations are addition, 
subtraction, multiplication and division. 


An expression is an op- 
tional sign, a term, fol- 
lowed by any number of 
addition or subtraction 


B6 


operators and terms. 
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put or get respectively. To input or output 
an entire line or set of data we use read, 
readin, write, and writeln which are similar 
to FORTRAN IO commands. Formatting is 
done within the commands themselves. [he 
read command will only input the necessary 
information (even. if it must read several 


lines) while readin additionally discards 
the remainder of the current input line. The 
output commands, write and writeln, 


operate in an analogous fashion for output. 
A significant example is now in order, 
Consider the problem of compiling an 
arithmetic expression. To. greatly. simplify 
the problem, assume all variables. are one 
letter. in. length, no constants will appear, 
and the only operators will be +, , 5, and 
|. To make the problem interesting, assume 
that variables lettered a ho and o z are 
ol type real and the rest are ol type integer, 
This is the same as the implicit types tor 


FORTRAN. The program will produce 
code for a “stuck machine.” That is, the 
operators are applied only to operands 


already on the stack and the result. will 
replace the operands on the stack. One task 
is the recognition of correct. expressions. 


This may be done by several methods in- 
cluding precedence tables, LALR(1) parsers, 
and recursive descent. The latter will be used 
since it is the technique employed within 
most PASCAL compilers. Recursive descent 
compilation utilizes a set of recursive proce- 
dures to recognize its input, with no back- 
tracking. To understand the algorithm, 
consider the series of "syntax diagrams" 
in figure I. 

To generate a valid expression, for cx- 
ample, one enters the diagram from the lelt, 
selects an arbitrary path through the dia- 
giam, and exits to the right. Any box vn- 
countered is to be treated like a subroutine 
or procedure call, A circle or box with 
rounded edges. is ta be the current input 
item, Án expression is thus an optional 
sign, a term, followed by any number (in- 
cluding zero) of addition or subtraction 
operators and terms, Similarly, one can 
define a term, These definitions build in 
the normal precedence of operators. and 
correctly handle a unary minus. Notice that 
<expr> will call <term>, <term> will 
call factor. and maybe <factor> will 
call <expr> again, This would occur when- 
ever parentheses were encountered, 

A second task to accomplish is to proper- 
ly handle the necessary type conversion of 
intermediate results, Many textbooks refer 
to. this problem when discussing syntax 
directed translation but few illustrate 
“real” solutions, As an example (using the 
above assumptions) consider 


J+K" X 


ft is not known that this expression must 
have a real value until the X is seen. The 
recursive descent. phase, independent of 
type conversion might translate this Lo 


PUSH J 
PUSH K 
PUSH X 
MUL 
ADD 


for its equivalent Polish Notation: KX * +, 
However, what is really required is 


PUSHI J 
FLOAT 
PUSHI K 
FLOAT 
PUSHR X 
MULR 
ADDR 


{canvert the top of the stack] 


" 


where the operators have either YRU or "I 
suffixed to indicate a real or integer opera- 
tor, respectively, The suffix for the PUSH 
instruction is known as soon as the variable 
name is scen. The types for the arithmetic 
operators and the insertion of the FLOAT 
instructions must be added somewhat after 
both operands have been seen; in other 


The PerSci generation of 
Diskette Mass Storage Systems 
Smarter, Faster, Smaller. 


A new generation of advances in diskette 7 Times The Speed... 
drive technology comes together in PerSci Mass The unique voice coil positioning system of 
Storage Systems, the first diskette subsystems PerSci diskette drives allows PerSci systems to 
to provide large storage capacity, intelligence access data as much as 7 times faster than com- 
and high speed in as little as 44" of space. petitive systems. A random average seek is 
Two Times The Capacity... only 33 ms, as fast as many large disk systems. 
New PerSci developments in large disk voice In Half The Space. 
coil technology reduced to PerSci Systems, one or two 
floppy disk applications drive models, can be configured 


make possible data -— "————— — ——À' for mounting in a 19" rack or 
densities as high as EEE tee ""ÜHIBLB for table top operation. When 
Ye Mbyte per maximum capacity in mini- 
diskette side — up mum space is called for, PerSci 
to 2 Mbytes in a two offers the "Slimline" system, 
drive system. When only 47?" wide. A single or 
IBM data format com- double density controller can 
patibility is required, be mounted in the standard 
PerSci Systems system chassis or in the host. 
will store 4% Mbyte Interfaces to major micro- 


per drive. computers are available and 
Microprocessor an RS232 serial interface is 
Intelligence... optional. 
PerSci's highly intelli- Get all the most recent 
gent microprocessor " engineering advances 


in one smarter, faster, 
smaller system at com- 
petitive prices from 
PerSci, Inc., 12210 
Nebraska Avenue, 

W. Los Angeles, Calif. 
90025. (213) 820-3764. 


based controllers, either 
single or double density 
versions, include the 

PerSci File Management 
Firmware. Under controller 
direction, the PerSci Mass 
Storage Systems are capable 
of performing many functions 
normally requiring CPU time 
and memory, including forrnat- 
ting, editing, reinitializing, auto- 
matic file and full diskette copy. 


Peripherals a 
Generation Ahead. 
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»2BR*E 
FUSHE 
PESHE 
ADDE 
eA 
PUSHR A 
FUSHI I 
FLOAT 
DIVE 
225I^ZJ 
FUSHI 
FUSHI 
DIVI 
bo J eK ex 
FUSHI J 

FLOAT 

PUSHI K 

FLOAT 

PUSHR x 

MULR 

ADOR 

Dbe peJ-(HAM 27^ CPAN) 
PUSHI I 

PUSHI J 


nD 


ae 


FUSHR x 


t ERROR 
SPAY BSL 
t ERROR 
2210 4B 
Tt ERROR 
2221 


+t ERROR 


Listing 2: Sample program execution. After outputting a prompt the pro- 
gram waits for un expression to be input. It then fists all of the instructions 
that would be generated for a compiler code. 


aa 
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words, a fixup must be done, As one alter- 
native, this may be accomplished by gener- 
ating code in memory and keeping track of 
the type attribute of each operand and the 
addresses of where the last instruction for 
that operand was stored. If a type conver- 
sion is required on the first operand (of a 
binary operator], all code beyond the saved 
address is simply moved up one location and 
a FLOAT instruction is inserted. Tf a type 
conversion is required for the second 
operand, a FLOAT instruction is added as 
the last instruction in the evaluation uf the 
second operand. //n this paragraph and re- 
maining text of the article, words in upper 
case refer to listing I... RGAC/ 

The program in listing ] is a solution to 
the expression evaluation problem. fL is a 
direct implementation of the methods 
suggested. The main portion of the program 
is trivial; it asks for a line of input, calls 
procedure EXPR to parse the line, lists the 
output if there is no error, and repeats the 
process, 

The type statements are important and 
quite varied. See that the constant MAXPC 
defines the maximum address space and is 
used in the declaration. of the subrange 


type CODESPACE. The variables ATTR 
and LEXTY are symbolic scalar types and 
INSTRUCTION is a record type. 

The variable CODE is an array of instruc- 
tions. This is where the "compiled" code 
will reside. The type attribute of the second 
operand of an operation is stored in GATTR 
which is global to al the program 
procedures. 

The procedure SCAN picks 
next character(s), ignoring spaces and 
determines the correct. token and type if 
it is a variable, Note the use of the case 
statement and — the 
conditionals. 

The procedure ERROR outpuis a fine 
with an upward pointing arrow 0o. indicate 
where the error occurred, 

The procedures GENCODL and LIST- 
CODE are responsible for encoding the 
Instructions into the code array and decad- 
ing the code array for output. respectively, 
The with statements simplify. both the 
PASCAL and compiled codes. 

Any discrepancy in types. of operands 
is resolved by FIXUP which inserts the code 
for the operator. itsel. In a dull compiler, 
FIXUP would also wory about strings anu 
other data types and issue the appropriate 
error messages when needed, 

EXPR does most of the work, Logether 
with the procedures TERM and FACTOR, 
They function exactly as. described: above. 
They are quite simple in appearance but 
function correctly as the sample runs illus 
Irate. The symbolic scalars ADDOP and 
MULOP are quite useful in this design. 

When properly segmented, any program 
should be similarly constructed and as easv 
to read or modity. A lat may be gained from 
using a top down design, Given the time, 
anyone could stretch. this program into a 
full compiler whose output. was a similar 
Polish code, and alternatively encode this 
program into their favorite assembly tan- 
guage. All the hard work has really. been 
done in expressing the algorithm to salve 
the problem. 

|. heartily recommend that anyone 
seriously interested in PASCAL in partic- 
ular and good programming style in general 
obtain the two books 
bibliography, m 
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Consistency—or a Lack Thereof. . . 


Notes by C Helmers 


In this issue readers will note a lack 
of consistency in the typography of 
various articles on Pascal. One fairly 
obvious example of this is the use of all 
upper cuse and the use of normal English 
capitalization of the name of the lan- 
guage. Since Pascal is derived from a 
proper name, the proper notation is 
lower case with initial capitalization. 
For numes which are acronyms, like 
FORTRAN, COBOL, PLII, etc, the 
upper case notation is appropriate. While 
we strove for consistency within a given 
article, ut least one article used upper 
case notation for the name Pascal, 
showing the extreme inertia of tradition- 
alism at a point when it was too late to 
make the changes to final copy. 

The second area of questionable 
typography is a bit more nebulous and 
fess subject to editoria! fiat when 
“camera ready" type is received from 
authors: the style of representation of 
Pascal program listings. The ideal style 
is of course that used by Niklaus Wirth 
in his book AlgorithmstData Structures= 
Programs, published by Prentice-Hall in 


1976. This style uses bold face type in 
lower case for representation of the 
Pascal language key words. Ii uses italics 
for the representation of specific variable 
names, procedure names ond literal 
values which are part of the program. In 
articles by authors Ken Bowles (page 
122), Charles Forsyth and Randall 
Howard (page 50), Chip Weems (page 
143), and Allan Schwartz (page 168) this 
notation was used. But in two of these 
cases, the authors supplied comera ready 
typeset copy along with the articles in- 
volved, in order to minimize potential 
errors due to keystroking. Since two of 
these were typeset at BYTE, and the 
other two were typeset with different 
type specifications on different 
machines, there is naturaity a different 
aesthetic flavor to the listings in these 
articles. A close variant of this form is 
seen in the listings of David Mundie's 
article (page 110) where bold face type 
and norma! type are mixed in the 
listing. 

There is yet another variation on the 
graphics used to represent Pascal pro- 
grams, pravided by the listings accom- 


panying Stephen Alpert's article (page 
78). Here, the camera ready listing was 
supplied by the author as printed on an 
upper case line printer, so keywords are 
indistinguishable from program details 
on the basis of typography alone. 

What can we conclude about this 
inconsistency? Our goal at BYTE from 
now on will be to asymptotically 
approach the notation of Pascal pro- 
grams in the bold face and italic form 
whenever we do the actual typesetting 
of a listing. The italic and the bold face 
typography provides an excellent con- 
trast to normal type when elements of a 
program are mentioned within text. But 
when a manuscript comes with a usable 
camera ready listing of a Pascal program, 
such details of aesthetics must take 
second place to the goal of minimizing 
errors of transcription: it is far better to 
use d camera ready image derived from 
9 machine produced listing than to key 
in a program manually in order to create 
a typeset form of the listing. Like pro- 
gramming, execution of a magazine 
production task once a month is fraught 
with myriad details. . .CH 
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Philadelphias 


All figures and photos courtesy of The Franklin 
Institute, Philadelphia PA 19103. 


179 Year Old Android 


Photo 1: The 179 year old Maillardet writing and drawing automaton on dis- 
play at The Franklin Institute in Philadelphia. 
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Charies F Penniman 
The Franklin Institute 
Philadelphia PA 19103 


Cuckoo clocks, computers and dolls with 
rolling eyes somehow fascinate us all. The 
fascination seems to stem from our delight 
that people can make contraptions which do 
things by contrivance that are usually done 
by living men and beasts. But whatever the 
reason for it, we find animated statues in an- 
cient China and in the temples of classical 
Greece. In Europe, the clockmakers of the 
Renaissance often adorned their works with 
marvelous moving figures. The famous tower 
clocks of Berne and Messina and the remark- 
able clock in the Cathedral at Strasbourg are 
just a few examples. 

For us who live toward the beginning of 
the Electronic Age, it is hard to imagine the 
excitement that existed in the early years of 
mechanism. The automaton at the Franklin 
Institute that writes poems and draws pic- 
tures dates from those times. In the same 
way that they made machines to perform 
marvelous and delightful things, we program 
computers and build microprocessors to per- 
form even more amazing feats. It is much 
the same phenomenon. 

The Franklin Institute’s mechanical lady 
dressed in green is one of the most impor- 
tant of the small number of androids that 
have ever been built with the ability to write 
and draw. The first machine with such capa- 
bilities was built around 1750 by Friedrich 
von Knauss working in Germany, but it 
was from Pierre Jaquet-Droz, Jean-Frederic 


Leschot, and a succession of their collabo- 
rators that the most elegant machines came. 
In 1774 they produced their first writing 
doll in Neuchatel, Switzerland. The machine 
now at The Franklin Institute in Philadelphia 
was built about 1805 in London by Henri 
Maillardet, an associate of Leschot and 
Jaquet-Droz. His automaton is particularly 
distinguished by its unusually large memory 
and excellent movements, 

The Maillardet machine weighs about 250 
pounds (113.4 kg} and consists of a figure 
kneeling at a writing desk mounted atop an 
ornate stand containing the program and 
driving mechanism. Information for the 
dolls movements is communicated up 
through the body of the figure by an in- 
credibly intricate combination of levers, 
rods, pulleys and cams. 

The heart of the writing and drawing 
operation is actually a mechanical “read 
only memory” in the form of an array of 
disk cams rotating on a common shaft to 
drive the right hand of the figure. The cams 
are driven by a spring motor located at one 
end of the base that is coordinated with a 
second motor located at the other end of the 
base. This motor is used to slide the stack of 
operating cams transversely on their shaft 
into the proper position to produce the 
desired readout. The information contained 
in the undulations of the selected set of cam 
surfaces is picked up by three cam followers 
linked to the doll's hand to produce the re- 
quired right and left, up and down, and ver- 
tical motions. There are seven programmed 
designs from which to choose: two poems in 
French, one in English, and three graceful 
pictures. Two designs require four sets of 
three cams each; the remaining designs are 
each on three sets of cams. This adds up to a 
total of 96 operating cams to govern the mo- 
tions of the right hand of the figure. Addi- 
tional, and far simpler, cams move the left 
hand, head and eyes. 

The machine is marvelously complex, but 
perhaps the greatest marvel is that it can still 
function after nearly 175 years. Apparently 
very little wear has taken place. The details 
of the drawings are still remarkably sharp 
and the writing quite legible. The complex 
of linkages between the rotating cams and 
the motions of the hand still operate with no 
detectable play or slop in the bearings: a 
considerable achievement for engineering 
and technology. How this was achieved is 
largely a matter of conjecture today, but the 
automaton was built in an age in which trade 
secrets were kept closely within the circle of 
one's apprentices and family. It would be in- 
teresting, for instance, to know exactly how 
the machine was programmed, One can 
speculate that the profiles of the cams were 
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Figure 1: One of the incredible drawings executed by Maillardet's writing and 
drawing automaton in approximately five minutes. The automaton is cur- 
rently on display at The Franklin Institute. 


Photo 2: Right arm of the automaton, undraped. Modern ballpoint pen is not 
historically correct, but is effective. 
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laid out after the doil was constructed by 
moving its hand over a master drawing and 
tracing the corresponding motions of the 
three cam followers on simultaneously ro- 
tating disks of brass which were then cut and 
filed to their proper shapes. Yet, this is only 
a guess. The only thing that we know for 
certain in this regard is that the profiling of 
the cams had to be done with the greatest 
care and precision since there is up to a ten- 
fold magnification of any possible error due 
to the multiplying effect of the linkage be- 


Photo 3: Rear view of the automaton. Cam motion is carried through the 
body of the doll und across the shoulders to the right arm by a system of rods, 
levers and shafts. 
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Photo 4: Drive mechanism located below the tabletop. The spring driven mo- 
tor for the operating cams is at right. The X, Y and Z cams with the three fol- 
lowers are in the center. To the left is the program selection drive motor. 
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tween the cam followers and the writing 
instrument in the doll's hand. 

Some of the elaborate and delicate mech- 
anisms that Maillardet made were sold to the 
wealthy. Occasionally they were comis- 
sioned as state gifts. In fact, the only other 
doll with the ability to write that can be at- 
tributed directly to Henri Maillardet was 
made for King George III to give to the 
Emperor of China during a period when the 
English were attempting to establish favor- 
able trade relations with that country. That 
machine was programmed to write, in 
Chinese, flattering messages to the Emperor. 
It made the trip to China successfully and is 
reported to be alive and well in a museum in 
Peking. However, most of the automata that 
were built, including the one at The Franklin 
Institute, went into show business and toured 
all over Europe. Surviving advertisements at- 
test to their popularity. Through newspaper 
clippings, the progress of the Philadelphia 
machine can be traced from France to Russia 
and throughout England until 1850. It is 
possible, but not altogether certain, that it 
was purchased at about that time by the 
great American showman, P T Barnum, for 
his American Museum. By some process, 
now unclear, it came to be owned by a 
Philadelphian, John Penn Brock, whose 
grandchildren donated it to The Franklin 
Institute. Perhaps it was the fire that de- 
stroyed the museum Barnum set up in 
Philadelphia that damaged the machine, 
but it was indeed a charred mass of wreck- 
age when it was delivered to The Franklin 
Institute in November of 1928. Although 
Maillardet had his automaton originally fit- 
ted out as a little boy in court dress, by the 
time it came to The Institute, the costume 
had been changed to that of a French soldier. 
At The Institute, the machine was stored in 
one place and then in another until a staff 
machinist, Charles Roberts, became inter- 
ested in trying to repair it. He was tremen- 
dously proud of his success in doing so as, 
indeed, he should have been. New clothes 
were made, but this time the doll was put 
into a dress instead of a boy's suit. The res- 
toration of the original motion of dipping a 
pen (or perhaps it was a brush) into an ink- 
well turned out to be impossible. Roberts 
substituted a stylograph pen which has since 
been replaced by a totally unhistorical, but 
much more convenient, ballpoint pen. And, 
of course, it was necessary to make a num- 
ber of new parts, but the only significant 
alterations made were to the writing instru- 
ment and to the sex of the doll. 

Tradition in the Brock family had it that 
the automaton had been built by Maelzel, a 
considerable showman, the inventor of a 
metronome, and the builder of a number of 
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___ Microcomputer Problem Solving Using 
PASCAL by Kenneth L Bowles. This book is 
designed both for introductory courses in 
computer problem solving at the freshman and 
sophomore college level, and for individual 
self-study. Graphics is stressed in this version 
of the book, in many cases borrowing from 
the “Turtle Graphics” approach originated 
by Seymour Papert of MIT. A complete sin- 
gie-user software system based on PASCAL 
has been developed at the University of Cali- 
fornia at San Diego, where the author is a 
professor in the Department of Applied Physics 
and Information Science. This system em- 
bodies extensions to the standard PASCAL 


which include the necessary functions and 

procedures for handling graphics and strings. 

563 pp. $9.80. TUUS 

— Ån Introduction to Programming and Programming in PASCAL 


Problem Solving With PASCAL by G M 
Schneider, S Weingart, and D Perlman. This 
book has three major goals: 

(1) To introduce all aspects of the pro- 
gramming and problem solving process, 
including problem specification and 
organization, algorithms, coding, 
bugging, testing, documentation, and 
maintenance. 

(2) To teach good programming style and 
how to produce a high quality finished 
Product. This is brought out in numer- 
ous style examples throughout the text. 

(3) To teach the syntax of the PASCAL pro- 
gramming language. 

PASCAL is used as a vehicle to teach various as- 
pects of programming techniques. $12.95. 


Pascar User Manual and Report (Second Edition) by K Jensen 
and N Wirth consists of two parts: the User Manual and the Revised Re- 
port. The Manual is directed to those who have some familiarity with 
computer programming and who wish to get acquainted with the PAS- 
CAL language. It is mainly tutorial and includes many helpful examples 
to demonstrate the various features of the language. The Report is a 
concise reference for both programmers and implementors. It defines 
Standard PASCAL, which constitutes a common base between various 
implementations of the tanguage. $6.90. 


Programming in PASCAL by Peter Grogono. This book is an ex- 
cellent introduction to one of the fastest growing programming lan- 
guages. The text is arranged as a tutorial containing both examples and 
exercises to increase reader proficiency in PASCAL. Besides sections on 
procedures and files, there is a chapter on dynamic data structures such 
as trees and linked lists. These concepts are put to use in an example 
bus service simulation. Other examples range from the Tower of Hanoi 
problem to circumscribing a circle about a triangle. Programming in 
PASCAL is sure to hold the reader's interest. 359 pp. $9.95. 
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Speaking of 


PASCAL... 


The Design of  Well-structured and 
Correct Programs by S Alagic and M A Arbib. 
This book represents ten years of research in 
top-down program design and verification of 
program correctness, and demonstrates how 
these techniques can be used in day-to-day 
programming with PASCAL. An explanation 
of control and data structures and many 
examples of programs and proof development 
are provided. As a programming text, this book 
contains an introduction to the language, 
provides algorithms which operate on sophis- 
ticated data structures, and offers the full 
axiomatic definition of PASCAL in terms of 
proof rules. To use this book, no particular 
mathematical background is necessary beyond 
the basic idea of a mathematical proof, al- 
though an introductory course in programming 
is required. 292 pp. $12.80. 
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Photo 5: Center follower 
at rest on the bar on which 
it slides as the cam deck is 
positioned laterally. The 
undulations of the cams 
are also visible. 
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automata. In his memoirs, P T Barnum 
records the purchase of several automata 
from him. But after being repaired, the au- 
tomaton herself set things right when her 
memory was read out. Following the last 
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Figure 2: An example of the written output of Maillardet's writing and draw- 
ing automaton, The French poem is freely translated as: "A child by ladies 


adored, /I am throughout all lands, [In good favor with women, {And also their 


husbands." Below the poem in French is the inscription "Written by Maillar- 


det's Automaton." 
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line of her last poem, the hand continued 
to write in its clear but quaint style: "Ecrit 
par L'Automate de Maillardet," meaning 
"Written by Maillardet's Automaton." With 
this clue, locked for nearly 90 years in the 
memory of the machine, it was possible to 
search out and determine its proper origin. 
The one English poem that she knows 
how to write (see page 102) is as follows: 


Unerring is my hand, tho' small. 
May I not add with truth: 

| do my best to please you all; 
Encourage, then, my youth. 


Certainly her hand cannot be as unerring as 
it was in 1805. It would be interesting to 
have a sample of her writing from that time 
to make a comparison. But she still does her 
best to please and amaze us. 


You May Have Seen Her in Action . . 


In an excellent WGBH NOVA presenta- 
tion on "Artificial Intelligence" aired on 
public television stations in March 1978, The 
Franklin Institute automaton by Maillardet 
may have been seen in action by many 
readers. (Also seen in action were robots 
NEWT and Shakey of contemporary vintage. 
The program also featured interviews with 
science fiction writer Arthur C Clarke, and 
a number of artificial intelligence researchers 
regarding the prospects for the near and far 
future of smart machine technology.) 


Get Down to Business 


How to Profit From 
your Personal 
Computer 


by Ted G Lewis 


——M you want to use your personal com- 
puter in a profitable manner, and you need 
some help planning programming techniques 
this book is for you. It contains suggestions 
for accounting, payroll handling, inventory 
management, and sorting mailing lists. Many 
terms and notations are explained. Sample 
programs in BASIC, the use of blueprints 
to design program structure, and a full 
glossary of terms are a few of this book's 
special features. 191 pp. $7.95. 
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Payroll With Cost 
Accounting in BASIC 
ENS Sis 
by Lon Poole 
and 
Mary Borchers 


— This book includes program listings with 
remarks, descriptions, discussion of the 
principles of each program, file layouts, 
and a complete user's manual with step-by- 
step Instructions, flowcharts and sample 
reports with CRT displays. All 35 programs 
are written in the widely used computer 
language BASIC, and work together to pro- 
duce a payroll, right down to the printing 
of paychecks and maintaining of employee 
records. $12.50. 


Charging for 
Computer Services 


by D Bernard, 
JC Emery, 

R L Nolan, and 
R H Scott 
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——This book is written for managers who 
must deal with service charges. This book 
provides the manager with principles and 
guidelines for a better understanding of the 
charge problem. The book provides general 
design principles along with specific sug- 
gestians to deal with specific problem areas. 
Charging for Computer Services is a neces- 
sary book for the manager making decisions 
in this vital area. 120 pp. $10.00, hardcover. 


Up your OWN 
Organization! 


by Donald M Dible 


— A great handbook on how to start and 
finance a new business, this is the most 
Comprehensive reference we've seen on the 
subject. For tha programmar-consultant or 
the basement homebrewer-turned-entrepre- 
neur, this is your book. It is recommended 
in the Bank of America Small Business 
Reporter and Changing Times magazines. 
372 po. Available for $14.95 in hardcover. 


BASIC with Business 
Applications 


by Richard W Lott 


_—This book focuses on the BASIC lan- 
guage and its application to specific business 
problems. The book is divided into two 
sections. Part one introduces the BASIC 
language and the concept of logical flow- 
charting. Part two presents problems and 
possible solutions. Topics include: interest 
rate calculation, break-even analysis, loan 
rates, and depreciation. Exercises at the end 
of each chapter give a greater understanding 
of BASIC by actua! programming. $10.50. 
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AT WORK: 
Dis, DON'Ts, 
ami 


Writing at Work: Do's 
Don't's, and How To's 


by Ernst Jacobi 


— This is not à grammar or usage text. The 
goal of this informative book is “to turn 
writers into communicators.” Addressed to 
the educated business or professional person 
who can write adequately, this guide is full 
of practical advice that will help you make 
your writing enjoyable, effective, and suc- 
cessful. 198 pp. $7.95. 


Fundamentals of 
Recordkeeping and 
Finance for the Small 
Business 


by Robert C Ragan, 
CPA, 
and Jack Zwick, Ph.D 


E 


——Once you have your organization or 
business up and running, records must be 
kept. What should | keep, and how do | 
record them? This book on fundamentals 
will give you a helpful start. Section one 
deals with maintaining records, protecting 
assets, and providing a basis for planning. 
Section two provides a starting point for 
owner-managers wanting to sharpen their fi- 
nancial management skills. 196 pp. $10.00. 


Financial Analysis 
and Business 
Decisions on the 
Pocket Calculator 


by Jon M Smith 


— —This book is designed to aid the experi- 
menter in performing applied analysis. [t 
gives a variety of numerical techniques, 
approximations, tables, graphs, and flow- 
charts for calculations. All methods have 
been optimized for the pocket calculator. 
Topics include: calculating present and fu- 
ture values, consumer finances, real estate 
calculations, business statistics, and systems 
analysis. 317 pp. $14.95 hardcover. 


A Dictionary of 
Microcomputing 


by Philip E Burton 


——In the opinion of BYTE's editor, Carl 
Helmers, “This is one of the best designed 
and executed dictionaries of computer 
related terms yet seen on the market. It is 
of particular relevance to those individuals 
who want a good general reference to 
numerous technical terms, broadly covering 
hardware and software fields as currently 
practiced.” $12.50 in hardcover. 
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Antique 


Mechanical Computers 


Part 2: 


18th and 19th Century Mechanical Marvels 


Or James M Williams 
58 Trumbull St 
New Haven CT 06510 


In the last quarter of the 
18th century first a few, 
then a flood of automata 
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began to appear. 
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In "Part 1: Early Automata," page 48, 
July 1978 BYTE, we traced the develop- 
ment of antique mechanical computers up to 
the middle of the 18th century, and de- 
scribed such devices as Vaucanson's mechan- 
ical duck. Now we continue with a dis- 
cussion of talking, writing and music playing 
automata of the 18th and 19th centuries. 
(The discussion is nol meant to be an 
exhaustive one, of course, since that would 
be beyond the scope of this series.} 


Later Automata 


Vaucanson’s creations blazed across the 
scene jn Europe 240 years ago, casting new 
light into hitherto dark places by showing 
what the dedicated mechanician could 
achieve. But, even after Vaucanson, the way 
was difficult. 38 years passed before a 
second flute playing machine was seen, a 
seated pair of rustics built by Duchamps in 
1776 and said to be capable of playing 13 
tunes. 109 years after Vaucanson made the 
original mechanical duck, a mechanician 
named Rechsteiner, who had restored that 
original duck, produced and displayed a 
duck of his own. Rechsteiner’s duck was the 
product of three years of work. It appeared 
in 1847 and was the last automaton animal 
of note. 

In the last quarter of the 18th century, 
first a few, then nearly a flood of auto- 
mata began to appear, as clockmakers 
began to realize not only the possibilities of 
their craft but also the splendid prices their 
premier work might command, The more 
standard automata such as ornamented 
clocks, from snuffbox size to prodigies 


bigger than steamer trunks, with processions 
of moving allegorical figures, spirals, pin- 
wheels, and  waterfalls, chimes, bells, 
dulcimers, whistles, organs, and birdcalls, 
continued to be made and sold. Every 
titled person had a score of them and men 
of substance could own several. The clock- 
maker of ambition knew where his challenge 
lay. There were mysteries to be created in 
machinery, and money and fame to be 
had. Mechanicians began to devote them- 
selves to duplicating the physical action of 
parts of the human body. They chose part- 
behavior because of the immense difficulty 
of fabricating a mechanism that could 
imitate even one of the coordinated acts 
humans orchestrate into the continuous 
chain of actions; namely, behavior. 

It is worth noting that in adults the 
discrete units of purposeful action which 
seem so integrated and effortless to most of 
us are anything but smooth and coordinated 
in early childhood. Most people can recall 
their clumsiness and exasperation in learning 
to tie their shoes or button their garments, 
The most intense concentration and dedi- 
cated repetition is required to cause these 
action patterns to set in our central com- 
puting mechanism (see “The Brains of 
Men and Machines,” parts 1, 2, 3 and 4, 
February thru April 1978 BYTE), but 
once the setting (ie: learning) takes place 
over time, it becomes possible for us to 
execute one of these unit actions at will, 
devoid of effort and concentration. (The 
mechanism and locus of the setting is 
obscure: so is other memory storage. 
Lately, the cerebellar complex is viewed 
as the best candidate for unitary motor 


Figure 1: Aquatint etching of the Automaton Exhibition held at Gothic Hall in London in 1836. Various automata 
are shown; the one at the far right is evidently Jacquet-Droz s writing and drawing automaton now in the collection 
of the Franklin Institute in Philadelphia (see “Philadelphia's 172 Year Old Android” by Charles F Penniman, page 
90 in this issue). The figure is shown dressed as a boy, but women's clothes were substituted when the unit was 
rebuilt in 1936 at the Institute. Exhibitions like this were relatively common in the 19th century. Engraving cour- 
tesy Charles F Penniman. 


actions.) We can tie shoelaces behind our 
hacks, a thing we never practiced or learned. 
Even extreme situations, like tying shoelaces 
while wearing mittens or hanging by the 
knees from a trapeze, do not begin to strain 
the capacities of our interior computing 
mechanism, The required actions have been 
“frozen” into our brains. Not only are they 
refractory to disarrangement (they endure 
45 long as we live) but they are also flexible 
enough 10 permit our adapting them to 
novel circumstances. We all possess within 
us many thousands of such unitary chunks 
of learned behavior, now fully automatized 
and playable on command, 

This is the part-behavior, smooth, contin- 
uous and automatic, that was being imitated 
by mechanicians. [t requires substantial 
storage of program to duplicate. From our 
vantage point program storage is the most 
important feature these machines possessed. 
Consequently, many very beautiful mech- 
anisms (the display pieces of Carl Faberge, 
jeweler to the Imperial Russian Court; 
a wide range of novelties such as sooth- 
sayers, magicians and other conjurers, 
acrobats and ropewalkers, agile harlequins 
and jugglers, automatic confectioners and 
wine stewards, and a great many more dis- 
play mechanisms) are not mentioned here 
because they had little stored programming. 


Walking and Running Machines 


Early walking and running automata 
were represented only by dolls and toys. 
They were essentially trivial, programmed 
devices for they always very ingeniously 
arranged an apparent walking action (only 
a simple repetitive motion). The walk 
lacked directionality, nor was there pro- 
vision for walking on other than smooth 
surfaces. It would be difficult to design a 
machine to walk in the same sense that 
people do: that is, the weight of the trunk is 
lor a moment supported by one leg alone 
while the other leg is being drawn forward 
for a next step. Walking is in fact organized 
falling, with the mobile extremity brought 
forward just in time to forestall disaster. 
When you stop to recall that every known 
mechanical man actually rolls on wheels, 
and that at Jeast three wheels are always 
employed to define the plane, you gain a 
new respect for human locomotion and a 
valuable perspective on the limitations of 
mechanisms that undertake to imitate it, 


Speaking Machines 
As far as | can discover, no programmable 


device uttering words, or their approxima- 
lions, was ever known before the late 
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baud. has separate 8-pole transmit and receive aclive fillers, and all funclions are 
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88-UFC UNIVERSAL FREQUENCY COUNTER The 88-UFC is an S100 compatible 
frequency and period measurement module The 88-UFC has tour sollware selecied 
mpuls Frequency measurement to above 600MHz and period measurement to 1/10th 
microsecond are standard. The counter provides nine digits of readout and is priced 
at $179.00 in kit form 


88-SPM CLOCK MODULE The 88-SPM provides a time of day clock and an nde- 
pendent realtime clock on one S100 compatible module Provisions are included lor 
battery backup so the 88-SPM can maintain the time during power-ofl conditions. 
$96.00 kil 
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19th century (or even in later periods up to 
the time of Bell Labs' Vodor of 1939 
World's Fair fame, which required an oper- 
ator). Still, some remarkable devices appear 
to have existed. Leaving aside the brazen 
talking heads that dot Greek and Byzantine 
mythology (they were without a doubt 
all hoaxes), we learn that the Abbe' Mical 
in 1774 was said to have exhibited two talk- 
ing heads which he later destroyed. In 1779 
Kratzenstein won a prize offered by the 
Russian Imperial Academy of Science for 
a device that could pronounce distinguish- 
able vowels. This device was made from 
a set of five specially shaped pipes. Baron 
Wolfgang Kempelen, creator of the Great 
Chess Automaton, worked for many years 
on talking devices, and one was said by 
Goethe to be “.. . able to say some childish 
words very nicely." The machine was a 
kind of bellows, soundbox, artificial tongue 
and mouth contrivance that the Baron 
manipulated under cover of a cloth; it now 
resides in a museum in Munich. Farber 
invented a machine which apparently spoke 
well enough to induce P T Barnum to pur- 
chase it for exhibition, in 1873. The device 
was operated by a keyboard. 

It is a very curious thing that investiga- 
tion of artificial speaking devices was so 
neglected by gifted mechanicians, for speech 
is the unique achievement of man. Moreover, 
the ear is so adaptable and forgiving of 
faults in the spoken word that virtually any 
kind of squawk might pass for a sentence. 
The mechanical problems would have been 
very great, but not insuperable. 


Writing Machines 


Between 1753 and 1760 Friedrich von 
Knaus of Darmstadt devised and con- 
structed four different machines that wrote 
block letters or cursive script according to 
programming using a quill pen and ink with 
programmed pauses to dip the pen. One 
machine produced three texts from three 
pens, while the last machine could inscribe 
up to 107 letters of preset text from its 
stored program or write individual letters 
one at a time from dictation under control 
of the operator. |t may accurately be de- 
scribed as the first typewriter or script- 
writer. The mechanism appears to have been 
a cluster of shaped cams on which rode an 
array of cam followers, each one directing 
movements of the pen to form a letter. 
Text composition was managed by a drum 
that bore many rows of holes into which 
studs could be placed to activate the 
required cam. Thus text was easily altered 
by changing the pattern of studs. The tablet, 


A Bit of the BASIC 


~———Computer Resource Book—Algebra by 
Thomas A Dwyer and Margot Critchfield is 
an exciting new way to learn about algebra 
and the interesting things you can do with it 
using a computer. The book uses the BASIC 
language, and flowcharts are used through- 
out to show the structure of programs. 
There are 60 applications programs inclu- 
ding straight line graphs, polynomial equa- 
tions, a space probe navigator, temperature 
profiles, computer generated animation, the 
ultramatic root finder, random number 
generation and many more. Although it 
is particularly suitable for students, just 
about everyone will find some intriguing 
end easy to use applications in this enter- 
taining book. $4.80. 


——-I|ntroduction to Computer Program- 
ming by Rudd A Crawford Jr and David H 
Copp. Here is an excellent way to learn 
about the general aspects of computer pro- 
gramming. Introduction to Computer Pro- 
gramming makes use of a hypothetical com- 
puter model and set of assembly language 
instructions designed to help the beginner 
see what goes on in computer programs. 
The emphasis throughout is on general 
principles; such concepts as loops, decisions, 
flowcharts and IO routines are covered in 
detail. The book also provides many ex- 
ample problems and prompts the reader by 
posing several quiz questions. Anyone who 
masters its contents will have a solid foun- 
dation for the study of practical assembly 
and high level languages. It is especially 
recommended for students, but just about 
everyone new to the subject should profit 
tram it. $4.35. 
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The Microcomputer Bookstore 


——-—Basic BASIC by James S Coan. If 
you're not already familiar with BASIC, 
James Coan's Basic BASIC is one of the 
best ways to learn about this popular 
computer language. BASIC (which stands 
for Beginner's All-purpose Symbolic Instruc- 
tion Code) is easy to learn and easy to apply 
to many problems. Basic BASIC gives you 
step-by-step instructions for using a ter- 
minal, writing programs, using loops and 
lists, solving mathematical problems, under- 
standing matrices and more. The book con- 
tains a wealth of illustrations and example 
programs, and is suitable for beginners at 
many different levels. It makes a fine refer- 
ence for the experienced programmer, too. 
$7.95. 


_ basic basic 
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advanced... 


———Advanced BASIC by James S Coan. 
Advanced BASIC is the companion volume 
to James Coan's Basic BASIC. In this book 
you'll learn about some of the more ad- 
vanced techniques for programming in 
BASIC, including string manipulation, the 
use of files, plotting on a terminal, simula- 
tion and games, advanced mathematical 
applications and more. Many useful algor- 
ithms are covered, including some clever 
sorting techniques designed to reduce 
Program execution time. As with Basic 
BASIC, there are many illustrative example 
programs included. BASIC doesn't have to 
be basic with Advanced BASIC! $6.95. 
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———A Guided Tour of Computer Pro- 
gramming in BASIC by Thomas A Dwyer 
and Michael! S Kaufman. Colorful graphics 
abound in this lively introduction to the 
BASIC language. The authors have tried 
to present a rigorous, yet entertaining 
approach to the subject. Written for the 
novice, A Guided Tour begins with a 
section on how to recognize a computer, 
followed by some tips on working at a 
terminal. By the end of the book readers 
are writing their own programs and salving 
elementary problems in finance and busi- 
ness. The emphasis throughout is on lear- 
ning by doing. Anyone interested in com- 
puter programming should benefit from 
A Guided Tour of Computer Programming 
in BASIC. $4.80. 


——-—Some Common BASIC Programs by 
Lon Poole and Mary Borchers, published by 
Adam Osborne and Associates. At last, a 
single source for all those hard to find 
mathematics programs! Some Common 
BASIC Programs combines a diversity of 
practical algorithms in one book: matrix 
multiplication, regression analysis, principal 
on a loan, integration by Simpson's rule, 
roots of equations, operations on two vec- 
tors, chi-square test, check writer, geometric 
mean and variation, coordinate conversion 
and a function plotting algorithm. These 
are just some of the many programs in- 
cluded. For only $7.50 you can buy the 
kind of programs previously available only 
as part of software math package systems 
for large scale computers. All the programs 
are written in a restricted BASIC suitable 
for most microcomputer BASIC packages, 
and have been tested and debugged by the 
authors. $8.50. 


State- Zip 


Total 


You may photocopy this page. 


BYTE August 1978 99 


100 


August 1978 BYTE Publications Inc 


16K RAM 


Fully Assembled, Tested, 
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250 nsec. chips—$425 


Z-80A 4 Mhz. Fast—This fuliy assembled and tested 
16K board was designed to operate without wait states 
in a 4 Mhz. Z-80A system allowing over-generous time 
for CPU board buffers. 


450 nsec. chips—$375 


For 2 Mhz. Systems—Same circuit as above but 
priced lower because of less expensive memory chips. 
itis fully assembled, burned-in, tested and guaranteed. 


8K Versions Also Available 
Both boards available fully assembled with sockets 
for all 32 MOS chips but supplied with only 8K of chips. 
8K—250 nsec.—$265. 4K chip set—$95. BK-450 
nsec.— $235. 4K chip set—$85. 


Fully Static is Best — Both boards use the 
state-of-the-art Texas Instruments TMS 4044 which 
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The fully static memory chip allows a straight-forward, 
"clean" design lor the board ensuring DMA compatibili- 
ty. they use a single 8 volt power supply at 1.8 amps 
nominal. 


Fully S-100 Bus Compatible—Each 4K addressable 
to any 4K slot and separately protected by DIP switches. 


Commercial Quality Componenits—First quality 
factory parts, fully socketed, buffered, board masked on 
both sides, silk-screened, gold contacts, bus bars for 
lower noise. 


Guaranteed: USA customers — parts and labor 
guaranteed for one full year. You may return undam- 
aged board within ten days for full refund (factory orders 
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COD orders. ($3 handling charge for COD orders only) 
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bearing paper, moved one step after inscrip- 
tion of each letter. Knaus described his 
machines in a 1780 book, Selbstschreibene 
Maschine. His machine number 4 was shown 
at the Paris Exposition of 1937. It now 
resides in the Vienna Technical Museum. 


The Automata of Jacquet-Droz and Leschot 


How can one describe machines so mar- 
velously devised and “tutored” (ie: pro- 
grammed) in their tasks that they rival the 
actions of human beings proficient in the 
art the machine imitates? One can compare 
them to humans and the analogy is intrigu- 
ing, but humans are born with the necessity 
to learn many advanced action patterns and 
the automata were able to perform several 
advanced action patterns directly after 
construction. And humans age and die 
while the machines are two centuries old 
and act as well as the day they were set 
in place. They are seemingly flawless, age- 
less, potent and wise. And if you compare 
them to spirits you will be very nearly right, 
for they are shaped to resemble other- 
worldly creatures: cherubs or angels. If the 
compactness, beauty and simplicity of their 
mechanism with its nearly perfect function- 
ing leads you to compare them to fine 
watches, you will be very nearly right again, 
for their builders were first of all horologists. 
They were the family of Jacquet-Droz (two 
brothers and a son) and Leschot, their 
master mechanician. 

Long involved in making elaborate time- 
pieces in Geneva, Jacquet-Droz the younger 
may well have been influenced by word of 
Knaus' writing automaton. The Writer, 
Drafisman and Musician he designed and 
constructed, were placed on display simul- 
taneously in 1774, and they have charmed 
every person who has seen them, They are 
on display in the Museum of Automata, in 
Neuchatel, 30 miles east of Geneva in 
western Switzerland. Consider the fact: 
here are devices seen and admired today, as 
well as by the courts of Louis XV, Louis 
XVI, George Ill, Napoleon and even by 
Franklin and Jefferson. 

The Writer writes a preset text of 40 
letters and spaces in about the same time 
and with quite a bit more skill than it 
might be written by an 8 year old child. 
The Draftsman draws a series of stored 
pictures, any one you choose, about as well 
as a gifted child of 12 years might do, 
while ihe Musician plays five melodies on 
her harmonium, as a musical child of 10 
years might do. They have been performing 
these feats for 204 years. 
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Photo 1: Four successive es drawn by the Maillardet machine, showing the 


consistency of the mechanical drive system as well as the variations in letter 
width that were possible using a quill pen. 


The Writer 


The Writer is 28 inches (71 cm) tall. 
Carved of wood and painted, this automaton 
produces "an unusual impression of life" 
similar to top quality wax figures. He is 
clothed in a flowing robe and is seated on 
a Louis XV stool at a mahogany desk. His 
right hand, poised an inch above the desk 
and writing tablet, holds a short tube in 
which a quill pen is fixed. When the mecha- 
nism is activated the Writer raises his hand, 
swings it laterally, dips his pen into the 
inkwell fixed to the right margin of the 
desk, shakes the hand twice to clear the 
pen of excess ink and pauses. Another 
touch on the mechanism and he begins to 
write, forming letters with slow, patient 


care. 
Photo 2: Enlargement of After each letter, the pad of paper moves 
letter y drawn by the to the left by an amount sufficient to leave 
Maillardet writing and space for the next letter, but more for a 
drawing automaton. Each wide letter or a capital than for is and Is 
subdivision of the grid is and fs. He can write 40 different letters 
7 mm. on two or three lines, and there is pro- 


ar r re 


a | 


Figure 2: An example of the writing created by Maillardet's writing and 
drawing automaton using a ballpoint pen. “Unerring is my hand tho’ small/ 
May I not add with truth/I do my best to please you all/Encourage then my 
Youth.” Courtesy Franklin Institute. (For a more complete discussion of this 
automaton, see “Philadelphia's 1 79 Year Old Android" on page 90.) 
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gramming for several pen dips. Most re- 
markable is the provision for the unit to 
vary the pressure of the pen so that the 
letters produced are weighted, formed of 
thick and thin strokes. 

Except for the few levers controlling 
movements of the paper tablet, all of the 
automaton's mechanism is contained in the 
torso, accessible from the back. There are 
two parts of the mechanism, and they 
interact with each other. The first is a cluster 
of letterforming cams on a common shaft, 
the cam follower of which rides on a car- 
riage that slides on rails so it can cover the 
length of the cluster to settle on the rim 
of the desired cam. There are actually 
three cam followers and three cams provided 
for each letter. Two govern movements of 
the right arm and the third regulates pen 
pressure for varying the stroke width. 

The second portion of the mechanism is 
the text selector, a disk 4 inches (10 cm) 
in diameter at the bottom of the cam cluster 
shaft. The rim of the text selector disk is 
divided into 40 sectors, or an angular wedge 
of 9° per sector. The sectors are not fixed, 
but rather slide radially when one of their 
40 screws is turned. In this way the radius 
of the disk can be varied sector by sector, 
giving the appearance of a snaggle toothed 
gear. Each sector in turn regulates the posi- 
tion of the cam follower carriage (with 
its three cam followers) according to where 
that sector is set. Thus the text selector disk 
selects which set of three cams will be em- 
ployed, and the letter those three cams 
control is the letter the right arm inscribes. 
Changing the text is as easy as turning 40 
screws to just the right position. The zero 
radius (baseline) position of the text disk 
appears to control the pen dipping mecha- 
nism, so you can set up as many pen dips 
as you wish at the loss of a letter or space 
for each one. 

Control is handed back and forth be- 
tween the text selector disk and the letter 
forming cam cluster. Either one or the 
other operates at a given moment, but 
the text disk is stationary almost all the 
time (moving in jumps) whereas the cam 
cluster that forms the letters is moving 
most of the time (halting only to permit 
the text selector to turn to its next position 
and choose the next letter). An intriguing 
point, for 1774, is that the surfaces of 
greatest wear (the three cam follower 
bearing points) are apparently jewelled 
with ruby so that the high pressures (prob- 
ably a 40:1 lever ratio, or more) will cause 
minimal wear and distortion of the letter 
shapes over time. All this machinery is 
said to be quite sensitive to temperature 
changes. 
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* — Getting Involved With Your Own Computer by Leslie Solomon and Stanley Veit answers the With m 
questions: "What can small computers do? Which is best for my purposes?'' Whether your interest Compute 
is business applications, word processing, education, security, etc., this lucid text will bring you in || THE THINKING COMPUTER 
touch with an exciting new world destined to affect us all. $5.95. Mind Inside Matter 


x — The Thinking Computer: Mind Inside Matter by Bertram Raphael. Artificial intelligence, or Al, 
is the branch of computer science concerned with making computers "smarter." It is a growing, 
vital field that is, unfortunately, the subject of much popular misunderstanding. This book is a 
lucid introduction to Al that does much to overcome this misunderstanding. With a minimum of 
technical jargon, it discusses the capabilities of modern digital computers and how they are being 


used in contemporary Al research. It discusses the progress of Al, the goals, and the variety of = 
current approaches to making the computer more intelligent. $6.95. The 
à ; First Book of KIA 
* — The First Book of KIM edited by Jim Butterfield, Stan Ockars, and Eric Rehnke. Attention NT d 


KIM users! Here is the book you've been waiting for. In it you'll find a beginner's guide to the 
MOS Technology KIM-1 microcomputer as well as an assortment of games including Card Dealer, 
Chess Clock, Horse Race, Lunar Lander and Music Box. Also featured are diagnostic and utility 
programs for testing both the computer and external aquipment (such as cassette recorders), and 
chapters on expanding memory and controlling analog devices. 176 pp. $8.95. 


x — Periodical Guide for Computerists, January-December 1977, by E. Berg Publications. This is a 
comprehensive index of all the articles, book reviews, editorials, letters, racord reviews, and mis- 
cellaneous small inserts and notes from the top 25 magazines in tha field. Several thousand articles 
are grouped into over 60 subject categories that are listed alphabetically for easy reference. At the 


back is an author index, including the major areas of their expertise. An indispensable guide for PERIODICAL 


anyone in the fields of personal computing, amateur radio, and slectronics. 72 pp. $5.00. i 
sk — Scientific and Engineering Problem Solving With The Computer by William Ralph Bennett Jr is GUIDE 
one of the most exciting books we've seen in years. Besides teaching BASIC, this lively, lucid book FOR 
presents a wealth of imaginative and unusual applications programs taken from many disciplines (A 
sample exercise: “Using the algorithm in the text with the palr-correlation matrix from Hamlet, COMPUTERISTS 


compute the most probable diagram path which starts with the letter T"). The exercises run the 
gamut from random processes to the dynamics of motion, from entropy in language to the Water- 
gate problem. You'll discover BASIC applications in lasers and in the Fourier series and the law 
(!). In its diversity and elegant style, it ranks with Donald Knuth's works as a milestone in the art 
of computing. Hardcover $19.95. 
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* — Computer Power and Human Reason by Joseph Weizenbaum. This book is one which should be ~~ 
purchased or read for several reasons. If you're presently a programmer by trade or skill, you'll see — 
a philosophy of computer use and abuse propounded. It's genuinely interesting, and definitely 
provocative if you reference the storm of letters, counter letters and counter counter tetters which 
this book produced in the Association for Computing Machinery's S/GART newsletters during 
1976. If you're a novice to the field, the tutorial and explanatory chapters of this book, which are 
aimed at the layperson, will serve as an excellent background source which is also eminently read- 
able. This includes an excellent and low level explanation of what an algorithm is, and how com- 


COMPUTER 


puters go about executing effective algorithms. $5.95. 

Praised by many critics as the best books in their field, Tha Art of Computer Programming, POWER 
Volumes l, If and IIl, are part of a projected seven volume omnibus survey of computer science i AND 
now being completed by Donald E Knuth. | (Y 

* ——Volume 1, Fundamental Algorithms, begins with a thorough discussion of the mathematics used HUMAN 
in computer programming, followed by a treatment of information structures, stacks, arrays, | REASON 


linked lists, dynamic storage allocation, and trees. 634 pp. $21.95. 

—Valume 1l, Seminumerical Algorithms, is concerned with random numbers, statistical tests, 

random sequences, as well as arithmetic (floating point and multiple precision), polynomials, and 

rational arithmetic. 624 pp. $21.95. 

S — Volume III deals with Searching and Sorting, and as the name implies, the emphasis is on alga- 
rithms for sorting, including combinatorial properties of permutations, internal sorting, optimum 
sorting, and external sorting. Also included is a section on sequential searching, hashing, digital S 
searching, and more. 722 pp. $21.95. | JL 

A hypothetical assembly language called MIX was developed by the author to illustrate pro- Rr — 
gramming examples throughout the series, MIX is easily convertible to other assembly languages. = i 
Professor Knuth writes with style and wit. This classic work belongs on the reference shelf of 
everyone seriously interested in computer science. ` 


* 


For your convenience in ordering, please use this page plus the order form on page 99. You may photocopy this page. 
DIAL YOUR CHARGE CARD ORDERS TOLL-FREE 1-800-258-5477. 
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Photo 3: The Maillardet writing and drawing automaton sans clothes, The 
body of the figure is made from strips of brass and wire; the glass floor 
reveals the mechanism. A modern pen is shown in the automaton's hand. 
Courtesy Franklin Institute. 


The machine is about 30 
inches high and represents 


a 


a child kneeling before 
desk with pen in hand. 
It is capable of tran- 
scribing poetry and 


drawing intricate figures. 
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A point which is obscure to me is. that 
the letter forming cams are alleged to 
operate on a polar coordinate system. 
Suppose the letters are formed on X-Y 
coordinates. Photo 2 is a greatly magnified 
letter superimposed on a grid of 1 mm 
lines. Now you can appreciate the delicacy 
of the mechanism, for it is clear that a 
deviation of +0.25 mm at any point will 
make a very different looking letter. (Inci- 
dentally, at a 40:1 lever ratio, a 0.25 mm 
movement at the pen is equivalent to 
0.00625 mm on the cam face.) Clearly, the 
Jetters as inscribed on paper are well within 
this deviation (see photo 1 and figure 2). 


Look how the es from several different 
words ate exact duplicates: Probably the 
deviation is within about a tenth of that 
figure (ie: 0.025 mm). 

The mechanism is analog, of course, but 
if it were digitalized, the scale applied (reso- 
lution) has got to be less than 0.025 mm per 
bit, or in a letter of 8 mm height and 4.5 
mm width: 


8 
0.025 = 320 bits for height 


45 0 | -— 
0.025 - 180 bits width 


A grid of 320 by 180 equals 57,600 points, 
which would be the upper margin of the 
error, The limit is plus and minus this, so 
each letter may be digitalized with 57,600/ 
(2x2) = 14,400 points. But that is the 
amount for each letter, and we have 26 of 
them, which is 14,400 x 26 = 374,400. 
Adding upper case letters, the proper figure 
is 14,400 x 52 = 748,800 bits to digitalize 
the entire alphabet within the limits of error 
the machine consistently displays. You 
may wish to adjust the figures slightly be- 
cause not all letters are the size of the y, 
and hence do not require as much storage of 
information (see photo 2). However, many 
letters fall below the line, and the capitals 
are larger than all the lower case, so it evens 
out. We have not taken account of the 
stroke shaping bits, which might require 4 to 
6 more increments of information. Alto- 
gether, the machine's “read only memory” 
has over three quarters of a million 1 bit 
bytes stored within it! 

The Draftsman was constructed to re- 
semble the Writer, and works in practi- 
cally the same manner except that the 
tablet of paper is fixed, and the arm holds 
a pencil instead of a pen. The device moves 
under guidance of a cam cluster and draws 
designs in segments with pauses while the 
mechanism shifts from one cam pair to 
the next. During these pauses the Drafts- 
man blows a puff of air from his lips to 
disperse the graphite debris. | would esti- 
mate that there might be 20 or more cam 
pairs for each of the four designs (there 
are no depth cams) on a slip of paper about 
2 by 3 inches (5 by 7.5 cm). The designs 
were simplified reproductions of popular 
etchings of the age: cupids in chariots being 
hauled by butterflies, etc; and the head of 
Louis XV. The little Draftsman appears 
to have elicited a good deal more excitement 
than the Writer, but he was actually easier 
to construct, since the builders profited 
from their earlier experience with the 
Writer and simplified the mechanism. 


Assume that the Draftsman’s paper is 
50 by 75 mm, that any point on it could 
play a part in the design, and that it was 
necessary to provide a mechanism that 
could discriminate between lines as close 
together as 0.5 mm (ie: to a tolerance of 
* 0.25 mm). You end up with a grid of 
50/0.25 by 75/0.25 = 200 x 300 = 60,000 
points that may be encoded. These were 
parcelled out among 20 "read only mem- 
ory" cams. The total information con- 
tained in the machine would be 60 K bits 
by 4 designs = 240 K bits. The total in- 
formation storage was much less because the 
eye can accept more line deviation in a 
drawing than in the formation of a letter. 

The Musician is the triumph of automata 
that counterfeit life, She is 42 inches 
(1.07 m) high, seated at her instrument with 
a pleasant expression on her face. Her 
clothing is rich satin brocade in the elaborate 
style of the period, and her coiffure is 
impressive. She consecutively plays five 
pieces on her instrument, a curious device 
rather like a harmonium but called by some 
accounts a flute-organ, suggesting tuned 
pipes instead of metal reeds. The keyboard 
consists of two arcs of keys, 12 ona side. It 
is double arc shaped because the musician's 
arms pivot at the elbows (concealed by lace 
sleeves on her gown) enabling her to cover 
all 12 keys with five fingers. The music, or 
most of it, was composed by Jacquet-Droz 
the younger, a musician who studied com- 
position with Marchal. 

She actually fingers the keys that produce 
the music! The mechanism to accomplish 
this feat consists of a connection for each 
digit, and some extremely clever devices 
must be employed to enable the arms to 
swivel while maintaining continuity for the 
digit controlling mechanism. | leave you to 
contemplate the delicacy of the arrange- 
ments of mechanism that trigger each finger 
in the tiny hands, but keep in mind that this 
machine is a workhorse; this musician has 
been playing music for 200 years. 

Her programmed movements arc star- 
tlingly lifelike in the accounts. All the 
Jacquet-Droz and Leschot automata tuin 
their heads and move their eyes, but this 
automaton also raises her head to look at 
the audience, drops her gaze, takes a decp 
breath, and starts to play. She turns her 
head as she plays and, swaying from side to 
side as artists will do, breathes all the while. 
At the end of a piece she looks up and seems 
to smile, then shyly lowers her gaze, drops 
her head, and curtsies. 


Other Musicians 


In 1784 Maillardet, who was in business 


with Jacquet-Droz (fils) in London, intro- 
duced a new and improved version of a lady 
musician. She played a sort of piano, per- 
haps actually a harpsichord, and it is known 
that she had 17 or 18 melodies in her 
programming. She was lost in 1833 when 
sent to St Petersburg together with other 
automata. 

The Dulcimer Player of Roentgen and 
Kintzing first appeared in 1780, and was 
said by the magician Robert-Houdin (who 
repaired her in 1866) to have been de- 
signed to resemble Marie Antoinette and 
emulate her skill with the string dulcimer. 
This figure is famous for her beauty, and 
much praise has been lavished on her musical 
skill, for the instrument is clearly a difficult 
one to play (and is hardly known in this 
country). The mechanism is a cluster of 
cams mounted below the figure, concealed 
by her gown. 

] N Maelzel, mechanician to the Austrian 
court and later the proprietor of the Chess 
Automaton, personally designed and had 
built a lifesize Automaton Trumpeter, 
which he exhibited beginning in 1808. It 
was destroyed in a fire, about 30 years 
later. At least two other trumpeters have 
existed, What remarkable mechanism they 
must have contained, especially in view of 


Don Lancaster's ingenius design provides software 


controllable options including: 
e Scrolling * Full performance cursor 


* Over 2K on-screen characters with only 
3MHz bandwidth 


* Variety of line/character formats including 


16/32, 16/64 ....even 32/64 
* User selectable line lengths 


: () SEND FREE CATALOG 


hisdoosvcunepermnoévnsontoesteotvutrebsóoveevebtevsateoeceosececonens, 


: TELL ME MORE! [ J Send instruction manual for the TVT-6 Kit - 


with full operational details. $1 enclosed, : 


Name: 
i ns Address: 
: ELECTRONICS, INC, — City: State: zl + 


: DEPT. 8-8, 1020 W. WILSHIRE BLVD., OKLAHOMA CITY, OK 73116 : 
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Note: 


A complete biblio- 


graphy for this part of 
"Antique Mechanical Com- 


puters" will appear with 
"Part 3: Human and 
Machine Action and the 
Torres Chess Automaton” 
in September 1978 BYTE. 
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the praise their performances evoked. None 
survives. 

Maelzel invented and displayed, beginning 
in 1804, the Panharmonicon, a compound 
musical mechanism which produced the 
sounds of flutes, trumpets, drums, cymbals 
and triangle, and plucked strings, a menage 
then called Turkish music and much favored 
by the public. This machine was followed 
by his Orchestrion, imitating the sound of 
the military band (which had become popu- 
lar during the French Revolution). An 
improved Panharmonicon, with clarinets, 
violins, and violas added, was so well re- 
ceived that Maelzel commissioned music 
from Dussek, Pleyel, Weigl, and even 
Beethoven, whose "Wellington's Victory," 
opus 91, employing the Automaton Trum- 
peter as well as the orchestra, had its pre- 
miere on December 8 1813, in Vienna. 
These devices were the first of the pro- 
grammable multiple instrument machines 
so popular 75 years later, 


A Combination Automaton by Maillardet 


It was known that Maillardet, constant 
collaborator with the Jacquet-Droz and 
Leschot organization, had constructed a 
writing and drawing automaton about 1811, 
which was exhibited in London in 1815, 
and was owned by several persons until 
1833 when it was sent to St Petersburg 
where it disappeared. 

Long ago a resident of Philadelphia men- 
tioned to a staff member of the Franklin 
Institute that his family owned an auto- 
maton that drew pictures and wrote poems. 
He supposed it to be Maelzel's work. When 
the owner's house was destroyed by fire, 
reducing the automaton to a "mass of 
cams and wheels," the museum acquired 
it, but it took immense patience and care 
on the part of the museum restorer, Charles 
Roberts, to make the machine completely 
whole. tn the restoration process the sex of 
the automaton was changed. When the time 
came to sample the machine's program, it 
was found to be Maillardet’s missing auto- 
maton (see photo 3 in this article and 
Charles Penniman's article, "Philadelphia's 
172 Year Old Android" in this issue, page 
90). 

The machine is about 30 inches (76 cm] 
high, and represents a child (originally a 
little boy, as alluded to in one verse, and in 
an 1812 encyclopedia article) kneeling 
before a desk and holding, since restoration, 
not a brush but a pen. The mechanism is 
in the base and consists of a common shaft 
holding about 60 cams, each one 6 inches 


(15 cm) in diameter, The whole is driven by 
a pair of powerful spring motors, Three 
triplets of cams are devoted to each of the 
seven productions of the automaton, except 
that the depth cams are minimally em- 
ployed. The follower arms, one for each 
dimension of the drawing, are jewelled 
and move from pair to pair of cams in the 
course of one machine cycle (one drawing). 
The automaton executes its seven produc- 
tions rapidly, completing one in 7 to 8 
minutes, This would appear to explain 
Maillardet's need to skeletonize the 60 
programming cams: they turn rather swiftly 
(about 3 mm of linear motion per second) 
and at changeover they must be brought 
quickly to a halt, then accelerated Lo work- 
ing speed again. Storing all information on 
three pairs of large cams per production 
would have made grinding the cam faces 
much easier, and would have minimized the 
effects of wear compared to a small cam, 
Shifting to a new program is done by simply 
sliding the common shaft laterally to set 
up a new triplet of cams. 

Maillardet evidently took it as his Lask to 
produce a machine that worked on its pro- 
ductions rapidly and = casually, perhaps 
in the manner of a person inspired. The 
sketches are marked more by fluency of 
line than by precision, but they are very 
sophisticated, as a glance at the ship sketch 
will show (see page 91). The poetry is inter- 
esting and is done more in the manner of a 
design with scriptwriting than writing in 
script (see figure 2). 

In terms of brute force memory storage, 
if each of the points 1 mm apart on an 89 by 
120 mm paper is to be stored, 10,680 points 
would be required. But discriminating be- 
tween points with an error of no more than 
1 mm requires £ 0.5 mm precision, result- 
ing in 42,720 points that must be stored on 
the three triplets of cams. But this is the 
amount of point storage required for one 
production. There are seven of them, so the 
total storage capacity within the machine is 
42,720 x 7 = 299,040 points (with £0.5 mm 
precision). This figure, the digital equivalent 
of the analog storage, begins to make the 
impressive forest of cams seem more useful. 

All of the above speaks about the infor- 
mation capacity (in terms of a grid of 
points) necessary to encode the designs and 
script that our automata can produce by 
analog means. The great majority of those 
digital data would not be employed in a 
display, just as an automaton will not in- 
scribe marks on, say, more than 2 percent 
of the area of paper available to it. There is 
a lot of wasted (unused) space in any charac- 
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ter generator. For example, most of the COMPUTE YOUR 
billions of micrograins of silver halide in a SAVINGS" 


sheet of emulsion are not actually developed 


and play no part in a photographic negative. OUR 
The same is true of standard character LIST CASH 
generator read only memories where the ENIGER -PRICE 
2:2 O cie 53 pane Ne S.D. Sales 64K Memory Kit 999% 799% 
absolute minimum matrix you can employ 
and still produce recognizable, if not particu- S. D. Sales Versafloppy 
larly legible, alphanumerics. Even so, 50 Disk Kit 14900 12495 
percent of these bare minimum 35 points Vista Mini Floppy — 
are not utilized for any given character, Assembled 749° 62495 
hence there is 50 percent waste. Premium : 00 95 
character generator read only memories are IMSAI 8080 Kit : 699 569 
set up to use a great many more points, and IMSAI 8080 Kit with S.D. Sales 
their displays are still manifestly coarse in Expandoram 32K Kit with 
structure ("crude" would not be too strong 8K of Chips 850° 64495 
anes), you know there is something Ask About Our Prices on 
Here we are simply making visible the North Star, Vector Graphic, Cromemco, 
difference between analog and digital modes Solid State Music, TDL, Mullen. 
of storing information. The analog mode is Quantities Limited. Shipping and Insurance Extra. 
obviously more economical, for there are Prices Quoted Include Cash Discounts. 
nowhere near 750,000 jiggles in 20 cams. : 
Next month, we'll conclude with a final Bus. 9 ai i D D 4 INE. 
example in this series about antique auto- Address...7 White Place 
mata, the chess playing robot of Torres Clark, N.J. 07066 
(circa 1911) and some philosophical com- Abit: 
ments on automata.t Interface...201-382-1318 


BASIC is BASIC is ... 


And BASIC does what it should. But if you're ready to step up 
from Beginner's All-purpose Symbolic Instruction Code, look 
at OPUS, the high-level 8080/Z80 language from A.S.I. ... roots 
in BASIC, but designed for business applications. OPUS gives 
you the capabilities you need, like extended precision, string 
handling, and easy formatting. OPUS/TWO takes up where 
OPUS/ONE leaves off, allowing subroutines, overlays, and 
extended disc file management. 


But we didn't stop there. OPUS programs and data are 
directly upward-compatible, all the way up through TEMPOS, 
A.S.1’s multi-user, multi-tasking operating system. 


Ask your dealer, or contact A.S.I. We'd like to tell you more. 


OPUS/ONE .......... $99.00 OPUS/TWO .......... 
SOS iii ieee $385.00 TEMPOS ............. $785.00 


ORDER A MANUAL NOW and we'll apply the price 
toward your software purchase. 


OPUS User's Manual ................s nne $12.50 
S.O.S. Manual Set (includes OPUS Manual) ..... $20.00 
TEMPOS Manual Set (includes OPUS Manual) .. $20.00 


MASTER CHARGE and VISA accepted. 
Add $1.50 per manual (set) for shipping/handling in U.S. 
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ajm ADMINISTRATIVE SYSTEMS, INC. 
EJ 3 7642 S. Parker Road, Suite 300 
: Denver, Colorado 80231 (303) 755-9694 
d 


EXCITING 


That’s the word that sums up the dynamic small computer show in New 
York that was established last year at the Coliseum. The lecture areas were 
filled by interested people, the exhibits were great, the attendance was the 
highest of any small computer show in the country. 


The big point is that everyone who came went away happy. Accountants, 
hobbyists, lawyers, doctors, brokers, retailers, business people, program- 
mers, research scientists and just plain homeowners. 


The second big point is that we're doing it again. This time, bigger and 
better. Top seminars, top exhibits. 


Small computers from $500 up, iP em mes em mem mm m m m a 


software and kits. | same = à 
(please print) 
Save time. | ADDRESS 
i City .. . . ss State Zip LT 
f Get your tickets bi Send me tickets in advance tor Personai & Business Small 
in advance by mail. Computer Show, Sept. 15-17, 1978, in the New York Coliseum. 


li (Check One) One Day ($5)__ Two Days ($9)__ Three Days ($13)... 
y. » E 
D PERSONAL & BUSINESS Send check or money order (U.S dollars) payable to 
: Personal & Business Small Computer Show to 78 E 56th St.. 
SMAL!. COMPUTER SHOW B New fon Y 002 j 
` 78 East 56th Street, New York, N.Y. 10022 re 
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IN NEW YORK! FREE SEMINARS 


Personal & Business Small Computer Show offers the following: 


INTRODUCTORY 


Intraduc tan to Smail Business Systems 
Intertacing to the Real World 
Introduction to BASIC 
Hardware So ware Systems T toria 


SOFTWARE 


Data Bases & File Handing 

Introduction to CPIM 

Irrroducpon to PASCAL 

Introduction to APL 

588 A New Data Base Manager Language and Operanng System a Soltware 
Breakthrough that Gives Minicomputer Power to a Micro— lar Business 
Apphcations. trom Computer Mart of New Jersey 


SMALL BUSINESS APPLICATIONS 


Text Ed.ling/Word Processing 
Genera Cedger/Acc nts Receivable & Payable 
Mailing Lists 


HECREATIONAL APPLICATIONS 
Robaoncs 

Musi 

Corpuler Games 

Ar) Giraptics & Animator 


HOUSEHOLD APPLICATIONS 


Budgel Management 
Iriyestrient AnaS 


PROFESSIONAL APPLICATIONS 


Patient & Chent Billing 


EDUCATIONAL APPLICATIONS 


Light Pen Graphics 
Sitmuhal ins X Caan 


Ail seminars run about 50 mins. and are scheduled twice Write Tor daily and hourly schedules special hotel rates etc Lectures subject to change 


IN NEW YORK! AVAILABLE TUTORIALS 


IEEE COMPUTER SOCIETY 


Tutorials are offered by the IEEE Computer Society in conjunction with 
the show. Each tutorial costs as follows: members, $45; non-members, 
$50, and students, $35. 


For further information on the technical background required, the con- 
tent of the tutorials, or the IEEE, write to Dr. Daniel R. McGlynn, 71 N. 
Moger Ave., MI Kisco, N.Y. 10549 


5 TUTORIALS BY SYBEX 


Mictoczuriputer Selection Sep! Io 
Inpeado Microproce sors Sept tu 
Programpung Microprocessors Sept 16 
Designing à Micro Svstem — Sept 16 
"Interiac og Techniques -Sept 17 


* Prerequisite — Intro to Microprocessors 


A oyt Dulbonieal «ruri for D ee Dours UOs] rs S74 eh xti up o ep * 
Sees babe Our Ad ae sve iei s due 


enity Phatee sar coups fer advance tcket 


few HOKE d s leetdent'ar 


(For vegistrabion and more details wule to Sybex QUU Mowa Berkey (A 
AWA TEL (115 BAR H2 43 


GENERAL ATTENDANCE INFORMATION 


The show will occupy the fourth floor of the New York Coliseum located 
al 59th St. & Columbus Circle. There is a parking garage in the building 
and the site is served by many subway lines and buses. 

Visilors from out of town may obtain special hotel rates from our head- 
quarters hotel, the Barbizon Plaza, just two blocks trom the show. 
Singles $44, doubles $52. Identify yourself as attending the show and 


*BEAST bol HSiHEET 
NEW YORK, N Y 10022 


PERSONAL & BUSINESS SMALL COMPUTER SHOW 


Foeyubol las rates 

Admission to Ihe show at the door is $5.00 per day, per person. Discount 
lickets for groups of ten or more available in advance only by mail at $4 
per person per day. Enclose check or money order for all ticket orders 
payable to Personal & Business Small Computer Show. For further inlor- 
mation call (212) 753-4920. 


SHOW HOURS 


She - 
Sept le tuam toBpm 
Sept 17—noonio 7 p m 


New York Collacom 


Sept. 15-17, 1978 
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In Praise of PASCAL 


As has been pointed out in these pages 
before, personal computing will never 
achieve its full potential as long as our 
state of the art machines are hobbled down 
with a language as far from state of the art 
as BASIC is. Some have argued for designing 
a special high level language for micro- 
processors, but | personally fail to see why 
we don't just implement PASCAL and be 
done with it. | would like to look briefly 
at the language itself and try to explain why 
it seems the logical choice Lo me. 

| am an applications programmer with no 
theoretical interest in computing whatso- 
ever, What | like about PASCAL is not the 
theory of its design, though thal seems 
sound enough, but rather the fact that it 
lets me formulate my problems in my own 
terms. In PASCAL more than in any other 
language | know, | can remain on the ab- 
stract, algorithmic level where, as a human 
being, | function best. Because of this 
pragmatic bias, much of what follows will 
be an informal discussion appealing to the 
reader's intuitions rather than a technical 
demonstration, | shall use BASIC for com- 
parative purposes, since it is the tyrant in 
the field. 

| find PASCAL easy to use because it 
allows me to define new data types which 
express my data meaningfully. It provides 
control structures with which | can express 
what | want done to my data clearly and 
naturally. PASCAL allows and encourages 
me to formulate my thinking in a structured 
way. Let us examine these three aspects of 
PASCAL in reverse order. 


Program Structure 


PASCAL is a resolutely structured 
language. A PASCAL program is structured 
into blocks. Each block bears a heading 
which gives it a name and specifies its 
parameters. Roughly speaking, a block 
consists of a definition part, in which 
constants, types, variables, and subroutines 
are defined, and an action part, which con- 
tains the algorithm of the block. This 
rigorous separation of data definition and 


algorithm expression is partly responsible, 
it seems to me, for the greater legibility of 
PASCAL compared to ALGOL. 

Subroutines are themselves block struc- 
tured and may thus be nested within one 
another. This allows the declaration of 
“local” variables and subprograms, meaning 
that storage may be allocated efficiently; 
yet it is easy to guard against unwanted side 
effects. 

What does all this mean for the practicing 
programmer? The answer may perhaps best 
be seen in the light of a claim recently re- 
peated by David Higgins in the October 
1977 BYTE (“Structured Program Design,” 
page 146). Higgins presents the now well 
established arguments in favor of structured 
programming, but goes on to contend that 
once a program is designed in a structured 
way, using for example Warnier-Orr dia- 
grams, "it does not matter what program- 
ming language you code it in." This assertion 
Seems pretty improbable on the face of it, 
and if true it would be a powerful argument 
against PASCAL. | think that a rapid ex- 
amination of two test cases will show it to 
be quite unjustified. 

Let us take our test cases from the "bug" 
program which Higgins uses as his own 
example. Higgins would have us break the 
program down into three parts, as expressed 
in the following Warnier-Orr diagram: 


begin program 
bug program games (1,9) 
end program 


Nothing in the BASIC listing which accom- 
panies the article even remotely suggests 
this overall algorithm, Look at what we 
might have in an equivalent PASCAL 
program, 


program bug; 
begin 
beginprogram; 
games; 
endprogram 
end. 


Need 1 point out that to all intents and pur- 
poses the PASCAL program ¿s the Warnier- 
Orr diagram, with only a few notational 
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SAVE THE WHALE 


The world’s best computer may be inside a Sperm Whale’s head. 


The Sperm Whale has the largest brain of any creature that has ever existed 
on our planet. The brain of this 18-meter marine mammal weighs up to 9 kilograms. 
It uses echo-location to find giant squid at ocean depths of over 1,000 meters. 
More than 13,000 sperm whales are scheduled to be slaughtered this year 
by agreement of the Internationa! Whaling Commission. 


The CONNECTICUT CETACEAN SOCIETY is a small, totally volunteer, 
non-profit education and conservation organization dedicated 
to seeking the abolition of all whale killing. Any 
concerned citizen can help our efforts by sending 
name and address and a $10 or more contribution to : 
CCS, P.O. Box 145, Wethersfield, CT 06109. 


There are two mountain peaks 
of evolution on planet earth: 
on the land, homo sapiens- 
human beings; in the sea, 
cetaceans- whales, doiphins, 
and porpoises. 


Spring into Season At last! No more wardrobe crises! BYTE T-shirts are here! 


Now you have the perfect garb for computer club meetings, 
wi 2 Altair Conventions, playing Shooting Stars and computer 
ith a BYTE T-shirt chess. (A pair of trousers from your own closet is suggested 
as an addition to the BYTE T-shirt. BITS ean't do every- 
thing for you.) 


BYTE T-shirts are of top quality 100% cotton or cotton- 
polyester. The original design, by artist Judy Lee Rehling, is 
silk-screened in red on white shirts with blue trim on collars 
and sleeves, or on blue heather shirts. 


’ Dial charge card orders toll free 1-800-258-5477. 
70 Main St. 
Paterborough NH 03458 


Please send me: —_extra large ___ blue heather 


— large — — white with blue trim 


—. medium and red letters 


— —small T-shirts @ $5.50 cach 
(includes postage and 
Total enclosed $.  . ———— handling). 


Bill MasterCharge No. Exp. Date 
Bill BankAmericard No. Exp. Date 
Name 
Address 
City LLL State Zip 


Signature 


In unusual cases, processing may exceed 30 days. 
Prices shown are subject to change without notice. 
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differences such as the replacement of the 
brace by the symbols begin and end? Are we 
really asked to believe that this one lo one 
correspondence between the problem and 
the program does nothing to simplify the 


programming 


task? 


On the contrary, it 


simplifies matters enormously. 


Considerations ol space prevent me from 


giving the rival BASIC and PASCAL versions 


in 


full. 


Another striking example is pre- 


sented in figure | and listings | and 2, 
which show the Warnier-Orr diagram for the 


“turn” 


subprogram in 


BEGIN TURN {rou THE DIE 


PLAYER ALREADY HAS A BODY 
ROLL 
(0,4) 
PLAYER ALREADY HAS A BODY 


HAS BODY 
(Qi 
ROLL "2" 
IPAE © 
HAS BODY 
10.11 
HAS NECK 
(QU 
ROLL "3" 
CAT © 
HAS NECK 
(0.1) 


TURN 
HAS HEAD 
to. ti 
ROLL ut 
19.11 Q 
HAS HEAD 
(0.9 
HAS BODY 
(9.1 
ROLL "5" 
10.1) © 
HAS BODY 
(0.1) 
HAS BODY 
(0,11 
HOLL "6 
io.n © 
HAS BODY 
10,0! 
Figure |: 


Warnier-Orr diagram for subprogram 


[RI 


{0.11 


HAS NECK 
(0.0) 


O 


HAS NECK 


SKIP 


("^3 


HAS HEAO 
(Qi 


O 


HAS HEAD 


C^ 
“a 
Z 
v 


2 ANTENNA 
(0,11 


© 


2 ANTENNA 
(Q,1I 


Z 


SKIP 


A 


MAS TAIL 
10.1) 


9 


HAS TAIL 


— 


SKIP 


A` 


HAS 6 LEGS 
10.41 


O 


HASG LES 
HIM EI 


C 


subprogram, 
BASIC, 


"pner! 


Higgins' coding of the 
and the PASCAL 


SKIP 


GIVE PLAYER A BODY 


GIVE PLAYER A NECK 


Ay 60 65 


(o PLAYER A TAIL 


{swe 
(on PLAYER 1 LEG 


of tie bug program. 


This is clear, but note how much bulkier it is thun the PASCAL program in 
listing 2. The Warnier-Orr diagram won't even run on d computer. 
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equivalent. Higgins calls his BASIC coding 
"simple and straightforward." Tastes differ 
but that is a phrase | would have reserved 
for the PASCAL version. Higgins has had to 
fake truly structured. programming in a 
language which fights his efforts every step 
of the way, and the results are tortured 
and confusing. In contrast, the PASCAL 
coding is, once again, a nearly perlect 
reflection of the Warnier-Orr diagram, so 
much so, in fact, that most PASCAL users 
will probably feel, as | do, that the diagrams 
are a useless intermediary step, less clear 
and bulkier thàn the program itself. The 
intent. of the PASCAL program segment is 
so transparent that in my opinion it could 
almost be understood by a complete pro- 
gramming novice. 

Before leaving the topic of program struc- 
ture, we should perhaps remark that PASCAL 
subprograms (procedures and functions) 
bear names, not numbers, virtually elimina- 
ting the need for the comments which 
pepper any well documented BASIC fisting. 
Furthermore, because PASCAL subprograms 
can have parameters, the programmer is 
encouraged Lo use a single subprogram for 
à single task. Higgins has written separate 
subprograms for each body part, whereas 
for a PASCAL user it is virtually impossible 
lo resist the temptation of passing the 
arrays body, neck, head, eic, to a single 
procedure “give” as parameters, 


Algorithm Expression 


Program structure alone does not explain 
the relative clarity of the PASCAL listing 
in listing 2. We may also use that listing to 
illustrate the tools which PASCAL provides 
for expressing algorithms. 

Logical operators: PASCAL provides the 
logical operators (and, or, and not) which 
are so painfully lacking in BASIC and with- 
oul which expressing an algorithm is so 
clumsy. The use of the operator and in the 
turn subprogram is a good example; or the 


reader may want to express “if (x71) or 
((y>2)and(z=3)) then. | ."" in BASIC. 
Conditional statements: PASCAL's if 


structure groups statements with the condi- 
tions for their execution. The if statement is 
of the form: 


if<expression> 
thencstaternent 17 
else<statement_2> 


The expression is evaluated as being cither 
true or false. [f it is true statement | is 
performed; otherwise statement 2 is per- 
formed. Suppose the expression is: X=]. 
In English the if statement translates to: 


if X equals | 
ment 


then. perform state- 
1; else perform statement 2. 


PASCAL offers a very flexible case state- 
ment which is remotely related to the com- 
puted GOTO statement to be found in some 
BASICs. It is much more powerful because, 
among other things, selector values need 
not be contiguous, and actions are grouped 
with the conditions for their execution. 
A good example of the case statement's 
clarity is to be found in the procedure 
“turn,” where the action taken depends 
on the value of roll. 

Repetitive statements: BASIC provides 
only one repetitive control structure: the 
FOR statement, But there are innumerable 
situations where we do not know ahead of 
time how many times a given action is to 
be repeated. In such cases BASIC users have 
two choices. One is to set up a dummy 
FOR statement with a jump out of it when 
a certain condition is met: whence the 
ubiquitous “FOR [=] TO 9999" statements 
in BASIC programming. This is bad because 
it seriously disguises the intention of the 
algorithm. One's natural expectation is for 
such a loop to be executed 9999 times, but 
that ts not the case, The other solution is 
for the programmer to fake an appropriate 
control structure with GOTOs or condi- 
tional jumps. That is what Higgins has done 
in his program to express the fact that the 
computer and the human take turns until 
the game is over: 


210 REM TURNS (1,T) 

220 LET EGAM = 0 

230 GOSUB 390 

240 IF EGAM = 0 THEN 230 
250 REM END GAME 

260 GOSUB 1150 


This is no doubt the best one can do in 
BASIC, but just consider how much more 
elegant the PASCAL version is: 


repeat turns until endofgame 


This is typical of the way in which 
PASCAL's control structures make al- 
gorithm expression a source of joy rather 
than a contortionist exercise. In addition to 
the repeat statement, PASCAL offers a 
while statement for the case when an action 
is to. be repeated as long as a condition is 
true. 


Data Definition 


Now that we have seen how much easier 
il is to express what one wants done to data 
in PASCAL than in BASIC, let us turn to 
the wonderful dala types which PASCAL 
makes available for manipulation. Data types 
are the programmer's buffer between his 
abstract formulation of an algorithm and the 
messy realm of bit level details where that 
digorithm will eventualiy be executed. 
PASCAL makes defining new types a trivial 


task. Once a new data type is defined, it 
is in effect indistinguishable from a pre- 
defined type and may be used in any way a 
predeiined type may be. We leave BASIC 
behind at this point, since that language 
has no facilities for creating now types. 

The bug program was too simple to 
provide examples of data structuring, so 
we shall have to turn elsewhere. Being a 
birdwatcher, I shall replace the traditional 
"Christmas card list" example by a bird data 
bank. | can do no more than skim the sur- 
face, sa ] ask the reader's indulgence if some 
of the listings are not. fully explained. | 
am not trying to teach PASCAL, but merely 
to spark intuitions, 

PASCAL distinguishes between. simple 
and structured types. Let us examine each 
in turn, 

Simple types: These are the basic build- 
ing blocks of which any structured type, 
no matter how complex, is ultimately com- 
posed. In addition to integer, real, and 
character types, PASCAL offers two addi- 
tional simple types which as far as I'm con- 
cerned come close to exhausting the simple 
types needed in a general purpose language. 
The first is the defined scalar type, and is 
defined by simply listing the values which 
4 variable of the new type may take on. 


490 REM TURN SUBROUTINE 


500 REM PLAY=|:PLAYERS TURN PLAY=2:;COMPUTERS TURN 


510 REM ROLL DIE 
520 LET ROLL - FIX@({(RND(0})*6.0))+1 
530 PRINT "ROLL IS A", ROLL 


540 IF ROLL = 1 THEN IF BODY(PLAY):1 THEN GOSUB 690 ELSE.ELSE; 


550 IF ROLL 1 THEN 650 


560 IF ROLL = 2 THEN IF BODY(PLAY) = 1 THEN IF NECK(PLAY)=1 THEN GOSUB 760 


570 IF ROLL-2 THEN 650 


580 IF ROLL 3 THEN IF BODY(PLAY) 1 THEN IF NECK(PLAY)-1 


THEN IF HEAD(PLAY)«1 THEN GOSUB 820 
590 IF ROLL- 3 THEN 650 


600 IF ROLL = 4 THEN IF HEAD(PLAY)-1 THEN IF ANTE(PLAY)=2 


THEN GOSUB 880 
610 IF ROLL 4 THEN 650 


620 IF ROLL = 5 THEN IF BODY(PLAY)-1 THEN IF TAIL(PLAY):1 THEN GOSUB 940 


630 IF ROLL 5 THEN 650 


640 IF ROLL 6 THEN IF BODY(PLAY)-1 THEN IF LEGS(PLAY)-6 THEN GOSUB 1000 


650 LET A-3 
660 RETURN 


Listing 1: BASIC listing for Warnier-Orr diagram in figure 1. This is the best 
one can do in BASIC, but is still a far cry from the clarity of the PASCAL 


listing. 


procedure turn; 


begin roll:* trunc(random(11*6)*1; writeln (‘roll is a', roll); 


case toll of 


DnA- 


end 
end; 


if(body [player] +1ìthen givelbody); 

if (body [player] =1)and{neck[{piayer] #1) then give(neck); 
ifineck(player] =1)and(head(player] +1} then give(head}; 
if(head[player] =1)and(ante[player] #2) then give(ante); 
if(body [player] =1)and{tail(player] ¥ 1! then give ttait}; 

: if(body{player] =1jand(legs{player] » 6) then give (legs) 


Listing 2: The PASCAL listing equivalent to listing 1. Note the clear affinity 
between the fisting and the Warnier-Orr diagram, Notice that arrays are in- 


dexed using square brackets. 
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Suppose | need a data type for the various 
habitats in which a bird may appear. In 
PASCAL | write: 


type h = (ocean,rivers,fields,suburbs, forests, 
mountains) 


A variable of type h may take on any of 
the values listed. This means that while 
programming | may continue to think in 
terms of habitats, and am not forced to 
descend from that abstract level and think 
in integers, as | would have to do in BASIC. 
This also makes for virtually self-explanatory 
programs. Compare "IF HABITAT=3 
THEN. .." with the much more transparent 
“if habitat=fields then...” 

The second simple data type is the 
Boolean, and is extremely useful in pro- 
gramming since one is constantly control- 
ling program flow with Boolean expressions. 
Boolean variables take on the values true 
and false. Languages without such variables 
must make do with integers, which muddles 
things since one's natural expectation is for 
integers to count something. The PASCAL 
user may simply write “if good then. . ."", 
which is the way we think; the BASIC 
programmer must write "IF GOOD = | 
THEN. ..", which is alien to the way we 
think, 

A large part of PASCAL's elegance comes 


NORTH STAR BASIC PROGRAMS 


August 1978 C BYTE Publications Inc 
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from the fact that in most contexts these 
simple or scalar types may be used indif- 
ferently. Thus for example the type h as 
defined above could be used as the index 
variable in a for statement: 


for habitat := ocean to mountains do 


or in a case statement, or as the index type 
of an array: 


if foundin [fields] then 


Furthermore, functions may return any 
scalar type: we have already seen the func- 
tion “endofgame” which returns a Boolean 
value. 

Structured types: In addition to the 
simple types, PASCAL offers five different 
structuring methods: arrays, records, sets, 
files, and pointers, These different methods 
may be combined in virtually limitless 
ways. One may have files of arrays, pointers 
to records, arrays of sets, pointers to files 
of arrays of records, and so on, This extreme 
flexibility of data structuring methods is 
one of PASCAL's most exciting features. 
The type array should be familiar, but let 
us look briefly at the other four structured 
ly pes. 

Sets: Each bird in my hypothetical data 
bank has associated with it a set of habitats 
in which the bird may be found. Having 
defined the type h as above, all | need to do 
to set up a variable habitats which will be a 
set of different habitats is to write: 


var habitats: set of h 


When constructing the entry for the robin, 
I will write: 


habitats := [fields,suburbs] 


thus assigning to the robin the set of habitats 
containing the two elements. fields and 
suburbs. When going on a trip to the moun- 
tains, | can test whether mountains are in à 
given bird's set of habitats by the following 
simple test: 


if mountains in habitats then 


Imagine trying to do this in BASIC. PASCAL 
provides a variety of set operators which 
allow set manipulation in all its generality. 

Records: Let us imagine that each entry 
in my data bank will contain the bird's 
name, its length, and a set of habitats where 
it may be found, The entry cannot be an 
array, since components of arrays must all 
be of the same type. The appropriate data 
type is the record, defined in PASCAL as 
follows: 


type bird = record 
name: string; 


length: real; 
habitats: set of h 
end 


Everythi 
wanted to 


yourve ever 
ow about 


microcomputers in 


ONE complete book 
for only $10.95 


The ultimate book 
about microcomputers. 
Written by experts 


.. SCELBI and BYTE. Over 
400 pages. A collector's item, 


featuring The Basics 


~~ 


from the first 16 issues of BYTE and SCELBI's 
classic library of books. Your microcomputer 
bookshelf is incomplete without this priceless edition. 


ou can't buy information 
Y organized like this any- 
where. This is the book 
that everyone who is into micro- 
computers needs for reference, 
for ideas, for clues to problem 
solving. It is a truly authorita- 
tive text, featuring easy-to-read, 
easy-to-understand articles by 
more than 50 recognized pro- 
fessional authors, who know and 
love microcomputers from the 
ground up. Logical and com- 
plete, it features many glos- 
saries, and is illuminated with 
profuse illustrations and photo- 
graphs. 

The Scelbi/BYTE Primer is 
divided into four logical sec- 
tions, that take you from point 
“0” through building and pro- 
gramming your own computer... 
step-by-step-by-step. 

What can you do with a micro- 
computer? Checkbook balanc- 
ing. Recipe converting and food 
inventory. Heating and air condi- 
tioning control. Home and busi- 
ness security and management. 
Playing the ponies. Analysis of 
the stock market. Maintaining 
massive data banks. Self-instruc- 
tion. Toys and games. Small 
business accounting and inven- 
tory. And lots, lots more. 
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How does a microcomputer do 
it? Lots of "how to" theory. In- 
troducing you to microcomputer 
operation. 6800, 6502, Z80 CPU 
chip capabilities. RAM and ROM 


memories. Addressing methods. 


THE 
SLY ELTE 
PAITIEN 


Over 400 pages. Selected articles 
from BYTE and SCELBI books, 
Profusely illustrated. Many 
photographs. $10.95, plus $1 
shipping and handling. 


How to control peripherals. 
Transmission of information to 
and from computers. Magnetic 
recording devices for bulk stor- 
age. Analog to digital conver- 
sion. How a computer can talk. 
Other I/O techniques. And more. 


Order your copy today! 


SCELBI COMPUTER 
CONSULTING INC. BITS 
Post Office Box 133 PP STH | 70 Main Street 
Dept. B Peterborough, NH 
Milford, CT 06460 03458 

1 800-258-5477 


Prices shown far North American customers. 
Master Charge. Postal and bank Money 
Orders  prelerred. Personal checks delay 
Shipping up to 4 weeks. Pricing, specifica- 
tions, availability subject ta change wilhout 
notice. 


Over 400 pages. Full 812” x 11" size. 


All about building a micro- 
computer system. Over 12 com- 
plete construction articles. Flip- 
flops. LED devices. Recycling 
used ICs. Modular construction. 
Making your own p.c. boards. 
Prototype board construction. 
Make your own logic probes. 
Construction plans for 6800 and 
Z80 computers. Building plans 
for I/Os — TV and CRT displays, 
cassette interfaces, etc. Mathe- 
matics functions. ROM program- 
mer. Plus much, much more. 

How to program a micro- 
computer. Programming for the 
beginner. Assembling programs 
by hand. Monitoring programs. 
Number conversions. Game of 
Hexpawn. Design your own as- 
sembler. Lots more. 

And that's only the beginning! 
Others have spent millions ac- 
quiring the type of microcom- 
puter information found within 
the 400 pages of The Scelbi/ 
BYTE Primer. But, it costs you 
only $10.95, plus $1 for postage 
and handling, complete! You 
know the quality of Scelbi and 
BYTE. This is your assurance of 
excellence throughout this MUST 
text. Order your copy today! And, 
get one for a friend! 
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This is a simple and logical way of grouping 
data of different types into a meaningful 
whole. Given variables robin and redbreast 
of type bird, a simple assignment statement 
will set one equal to the other: 


robin :7 redbreast 


To test whether à robin is more than 20 cm 
long, we would have: 


if robin.length.-20 then 


and so on, These are simple examples, but 
they suffice to illustrate the flexibility of 
the record ty pe. 

Files: Now let us suppose that | have 
600 entries of type bird in my data bank, 
and want to make a list of all the birds 
whose length is greater than 20 cm, It ts 
pointless and wasteful to keep. all 600 
records in memory for such a task; all | 
really need is to store them in mass storage 
and read them in one at a time. In PASCAL 
what | do is declare a file of records as 
follows: 


var fb: file of bird 


Now, supposing the lile to have been written, 
all | need to perform the task is: 


reset(fb) ; 
repeat if fb!. length. 20 

then writeln(fb! name) ; get( fb) 
until eoflfb) 


Reset positions the file at its beginning; get 
advances it one record: fbt is the buffer 
variable containing the current record; and 
the writeliy statement prints the bird's name. 
The Boolean function eof tests tor the end 
of the file. 

Pointers: Finally, let us suppose that | 
wish to update the data bank by deleting a 
bird. It is of course possible to do this by 
storing all the records in an array, but this 
is clumsy and inefficient, since all the 
records following the deleted record would 
have to be shifted one position. List proc- 
essing provides a much better solution, [he 
records are. linked together into a list by 
inserting a pointer field "nest" into. each 
record. Each record will then “point” te 
the record following it in the list. Deleting 


Figure 2: A linked list of records of type 
“bird” with addition of the pointer field 
"next," Deleting the third record is a simple 
Hie o Oglgilig d priced dedu us SM. 


by the dotted line. 


a record becomes the simple matter of 
changing a single pointer value as illustrated 
in figure 2, Given the pointer "current" 
pointing Lo the item just before the one to 
be deleted, the following simple statement 
will do the trick: 


currenti.next = current! .nexti.next 


Adding a new record is only slightly more 
complicated. 

Let me repeat that these simple examples 
are not meant Lo do more than provide a 
brief glimpse of the marvels of PASCAL’s 
structured types. For full explanations 
the reader is referred to the texts in the 
bibliography. 


Conctusion 


Rapid though it has been, | hope that this 
survey of PASCAL will have brought oul 
some of the features which make it vastly 
superior to BASIC. BASIC offers an ab- 
solutely minimal set of features and expects 
you either to devise makeshift solutions or 
to design a new version of the language 
when they are inadequate, No wonder there 
ate so many different versions of BASIC. 
PASCAL offers a somewhat wider selection 
of features, but avoids the pitfall of trying to 
include every feature. known to humanity. 
PASCAL is a simple and streamlined 
language: the PASCAL Report defining 
the language is a mere 32 pages long. Yet 
PASCAL's designers seem to have chosen 
just those features which the user needs to 
expand the language when the need arises, 
so that it is a genuinely. general-purpose 
language suited to a wide varicty of prob- 
lems. It is this combination of simplicity 
and power which seems to me ta make 
PASCAL the natural choice for a standard 
microprocessor language. & 
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In the Languages Forum of the April 
1978 BYTE, page 150, we read Stephen 
Smith’s report on his homebrew compiler 
project. Actually, he is developing the Pascal 
subset compiler on a mainframe computer at 
a university and planning to transfer it to a 
microcomputer. He said he had a minor 
problem with code generation (using 6502 
machine code). We think his project might 
progress more smoothly if he uses another 
approach—that of generating assembly code 
for a hypothetical stack machine. This is 
the same method professionals use for 
implementing portable Pascal compilers on 
big computers. 

Our own homebrew compiler project was 
developed in house on a microcomputer 
that uses an 8080 processor and has a North 
Star disk system. We began in mid December 
of 1977. Our motivation came from the fact 
that the North Star disk BASIC, although 
very good for general programming pur- 
poses, was not fast enough for system soft- 
ware development and some graphic games. 
For instance, our 8080 assembler, written in 
BASIC, takes 1 to 3 seconds to assemble 
onc single assembly instruction. Assembling 
a 500 line program takes about one half 
hour. From various sources of information 
we know that Pascal is one of the easiest 
languages to implement. It also has many 
nice features that are desirable in a high level 
language. 

The Pascal subset is small, otherwise it 
would be very difficult to develop using a 
BASIC interpreter. All variables in thc 
subset are 16 bit integers. Arrays are single 
dimensional. Character strings are declared 


A Proposed 
Pascal Compiler 


A Note About the Tiny Pascal Project... 


As this special issue went to press, we had just received the first two 


parts of a 3 part series of articles on a Tiny Pascal compiler by Herbert 
Yuen and Kin-Man Chung. Watch future BYTEs for this excellent "do 
it yourself" project for the software experimenter, . .CH 


as arrays and each character takes one array 
element; although wasting space, this is easy 
to implement. Procedures and functions may 
be recursive. Variables and constan s, 
except arrays, can be passed as argumet.ts 
to procedures and functions. Language state- 
ments include declaration, assignment, 
BEGIN-END, IF-THEN-ELSE, WHILE-DO, 
REPEAT-UNTIL, FOR-TO/DOWNTO-DO, 
CASE-OF-ELSE. The subset is big enough 
to provide useful features. The Pascal 
compiler can be written in the subset with- 
out much difficulty. 

The actual coding of the compiler (in 
BASIC) began in January 1978. The com- 
piler generates P-code for a hypothetical 
stack machine, the same one described in 
Wirth's book, A/gorithm + Data Structure = 
Programs. (P-code is the intermediate code 
generated by the Pascal compiler. It is the 
machine language of a hypothetical Pascal 
oritented computer. Use of P-code makes 
the Pascal language portable since only a 
P-code interpreter needs to be written for a 
particular processor. This saves the user 
from writing the entire compiler for each 
individual machine.} Several instructions and 
input/output (IO) capabilities have been 
added. At the same time, an interpreter was 
also written (in BASIC) to execute and 
debug the P-code. It helps to verify the 
correctness of the codes generated by the 
compiler. In late January, after most parts 
of the two programs had been debugged, 
we began to design a run time support 
package in 8080 assembly language and also 
a translator thal translates P-codc tu 8050 
machine codc. With the debug package and 


Continued on page 155 


August 1978 © BYTE Publications Inc 


117 


118 


Event Queue 


of topics on computing applications, 
science and technology. Primary empha- 
sis will be on the role of computers in 
the transfer of technology between large 
and small countries. Contact Robert W 
Rector, executive director, AFIPS, 210 
Summit Av, Montvale NJ 07645, (201) 


August 7-9, Knowing and Understanding 391-9810. 
Computer Graphics, Toronto CANADA. 
This 3 day intensive seminar will cover August 7-9, Laser Beam Information 
all aspects of computer graphics, demon- Systems, Minneapolis MN. This sem- 
strating how effectively and economic- inar will cover the growing applica- 
aliy they may be incorporated into the tion of laser technology in image and 
business community. Contact Robert data manipulation in the form of scan- 
Sanzo, Frost & Sullivan Inc, 106 Fulton ning, transmission, reproduction and 
St, New York NY 10038, (212) conirol. The principles and practice of 
233-1080. laser beam information systems will be 
covered in preparation for direct appli- 
August 7-9, Project Management for cation to such fields as facsimile, com- 
Computer Systems, Houston TX. This 3 puter memory and display, target 
day seminar will illustrate techniques for identification, reconnaissance, photo- 
planning, implementing, installing and composition and image manipulation. 
controlling projects. Specific examples Contact Philip M Nowlen, program 
and case studies will be discussed. This chairman, director, Center for Con- 
seminar is intended for computer proj- tinuing Education, the University of 
ect managers, data processing managers, Chicago, 1307 E 60th St, Chicago IL 
VPs of administration, financial man- 60637, 
agers and others involved in EDP systems 
development and implementation. Con- August 8-10, Management Information 
tact the University of Chicago, Center Systems, Lehigh University, Bethlehem 
for Continuing Education, 1307 E 60th PA. The major objectives of this seminar 
St, Chicago IL 60637. are lo prepare a user manager to better 
understand and communicate with data 
August 7-9, Third Jerusalem Conference processing specialists during the feasibil- 
on (information, Jerusalem ISRAEL. ity study, design, conversion, implemen- 
The conference will cover a broad range tation and evaluation of an information 


$-100 BUS COMPATIBLE. The EMM 1104 single card plug-in memory has 
been field tested and proven in a variety of systems including the Poly 88, 
IMSAI, MITS, COMPAL-80, TLD and CREMENCO. 16K BYTES ON A CARD. 
Convenient plug-in card, fully burned-in, tested and guaranteed by one of 
the industry's largest memory suppliers. NMOS STATIC RAM, The 4K 
static RAMs have been proven in applications ranging from single chip 
memories to IBM 370 add-on systems. They are fast, 


reliable, and no refresh cycle is required. 
See your dealer, or contact us for complete information. emm 


S-100 Bus Compatible Memory 


16K bytes on a card 


NMOS static RAM 


Commercial Memory Products, a Division of Electronic Memories & Magnetics Corp. 
12621 Chadron Avenue * Hawthorne, California 90250 * Telephone (213) 644-0881 


D 
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system and to equip the manager with 
sufficient data processing knowledge to 
identify potential areas for computeriza- 
tion and/or to improve existing systems. 
Contact Faith Newhall, Administrative 
Assistant, Industrial Engineering Depart- 
ment, Packard Lab #19, Lehigh Univer- 
sity, Bethlehem PA 18015, (215) 691- 
7000 ext 385. 


August 7-11, Coding and Information 
Theory, University of Toronto CAN- 
ADA. This course will present the funda- 
mentals of representation, storage and 
transmission of data. Protection against 
storage and transmission errors using 
error detection and error correcting 
(including Hamming) codes will be de- 
veloped. Efficiency enhancement 
through information compressing codes, 
predictive run encoding and Markov 
chains (probabilistic finite state ma- 
chines) will be discussed. Contact Short 
Course Program Office, 6266 Boelter 
Hall, UCLA Extension, Los Angeles CA 
90024, (213) 825-3344 or 825-1295. 


August 15-17, In-house Development of 
Data Processing Documentation and Pro- 
cedures Manuals, Lehigh University, 
Bethlehem PA. This workshop seminar 
is designed for DP personnel of com- 
puter centers who wish to revise or 
develop a DP documentation and pro- 
cedures manual, The seminar will allow 
the individual participants to interact 
with the lecturers and other participants 
about their specific problem areas. Some 
of the program topics will include docu- 
mentation principles and practice, DP 
documentation and procedures manual, 
definition of procedures, the systems 
development process. Contact Faith 
Newhall, administrative assistant, 
Industrial Engineering Department, 
Packard Lab #19, Lehigh University, 
Bethlehem PA 18015, (215) 691-7000 
ext 385. 


August 21-25, Digital Filters, UCLA, 
This course will provide a practical intro- 
duction to the subject of digital filters. 
Topics will include the frequency ap- 
proach, Fourier series and integrals, non- 
recursive filter design, theory of recursive 
filter design, discrete Fourier transforms, 
fast Fourier transform implementation, 
estimation of power spectra and non- 
linear phenomena due to quantizing 
signals. This course will be of interest to 
those who use linear combinations of 
data. The emphasis is on its basic nature 
and practicability. Contact Nonie 
Watanabe, Short Courses, 6266 Boelter 
Hall, UCLA Extension, Los Angeles CA 
90024. 


August 21-26, Three Short Courses for 
Engineers, Computer Scientists and Indi- 
viduals Interested in the Areas of Micro- 
computers and Digital Electronics, 
Trenton State College, Trenton NJ. The 
courses are: assembly language program- 
ming and interfacing for the 8080/8085/ 
Z-80 microprocessor, programming in 
BASIC for the microcomputer owner, 
and microcomputer digital logic circuits. 
Each of the courses will cover approxi- 


mately the same ground as a normal 1 
semester college course and will be pre- 
sented in the form of an intensive, fully 
documented lecture coupled with labo- 
ratory sessions. Contact The Division 
of Continuing and Adult Education, 
Trenton State College, Trenton NJ, 
08625, (609) 771-2255. 


August 21-September 2, Courses on 
Microcomputer Interfacing and Analog 
Signal Conditioning, Virginia Polytech- 
nic Institute and State University. The 
objective of these programs is to provide 
an educational experience for scientists, 
engineers, teachers, managers or tech- 
nicians In the areas of microcomputer 
data acquisition, instrumentation, and 
measurement systems ranging from the 
analog sensor through the analog data 
channels to the microcomputer. The 
courses provide a combined lecture and 
laboratory experience. Continuing edu- 
cation units are provided for each 
course, Contact Dr Linda Leffel, Center 
for Continuing Education, Virginia Poly- 
technic Institute and State University, 
Blacksburg VA 24061, (303) 951-5241. 


August 24-27, PC '78, Philadelphia 
Civic Center, Philadelphia PA. The 
first day of PC '78 (August 24) will 
be an industry trade show which is 
open to dealers, the industry and ex- 
hibitors' guests. For the remaining 
three days the full Personal Computing 
Show and Personal Computing College 
will be running. Over 80 hours of free 
seminars are planned. Contact John H 
Ditks Ill, Rt 1, POB 242 (Warf Rd), 
Mays Landing N} 08330. 


August 29.31, Data Processing Opera- 
tions Management, New York NY. This 
seminar will offer the senior data proc- 
essing professional an opportunity to 
gather the latest management skills. The 
curriculum is designed toward practical, 
applied data processing management 
techniques. Contact Philip M Nowlen, 
program chairman, director, Center for 
Continuing Education, University of 
Chicago, 1307 E 60th St, Chicago IL 
60637. 


September 6-8, COMPCON Fall '78, 
Capitol Hilton Hotel, Washington DC. 
Sponsored by the IEEE Computer 
Society, this conference will cover 
computers and communications, inter- 
faces and interactions. Such topics as 
microprocessors in communications, 
multiple computer systems, advances in 
communications technology and many 
others will be discussed at this confer- 
ence. Contact Kenneth H Crandall jr, 
COMPCON Fall ‘78, POB 639, Sil- 
ver Spring MD 20901. 


September 11-15, Coding and Informa- 
tion Theory, Georgia Institute of Tech- 
nology. See August 7-11, University of 
Toronto, for information. 


September 12-14, WESCON/78 Show 
and Convention, Los Angeles Conven- 
tion Center and Los Angeles Bonaven- 
ture Hotel. Contact Electronic Conven- 


tions Inc, 999 N Sepulveda Blvd, El 
Segundo CA 90245, (213) 772-2965. 


September 18-22, Digital Filters, Georgia 
Institute of Technology. See August 
21-25, UCLA, for information 


September 29-October 1, International 
Microcomputer Exposition, Dallas Con- 
vention Center, Dallas TX. This exposi- 
tion will be directed toward all levels of 
technology from the prafessional engin- 
eer to the beginning computer hobbyist. 
In addition to the seminars, a panel of 
experts will be available to answer 
questions. Contact Beverly Tanner at 
(214) 271-9311. 


October 4-6, Knowing and Understand- 
ing Computer Graphics, San Francisco 
CA. See August 7-9, Toronto. 


October 5.8, Midwest Personal Comput- 
ing Show, Apparel Center's Expacenter, 
Chicago IL. More than 200 displays fea- 
turing the full spectrum of the latest 
personal computing developments are 
expected to be presented by manufac- 
turers and distributors. À comprehensive 
program of seminars, forums and prac- 
tical application clinics will parallel the 
four days of exhibits. Contact Midwest 
Personal Computing Exposition, ISCM, 
222 W Adams St, Chicago IL 60606, 
(312) 263-4866. 


want it. 


PanaVise tilts, turns, rotates. 
One quick turn of the control 
knob and you securely position 
your work exactly where you 
want it. Holds firmly but gently 
the most delicate electronic 
parts and P. C. boards. 


Whether you're into building 
home electronics, trouble 
shooting, or professional serv- 
icing... you'll wonder how 
you got along without this mod- 
estly priced 'extra hand.' 


Model 396 Wide Opening PanaVise 
shown. An ingenious variety of other 
interchangeable bases, holders and 
accessories also available, See your 
electronics distributer, or write 

for FREE brochure. 


Anywhere you =e 


[JA NV/SMISE Dept. cel 


5224 Chakemco St., South Gate, CA 90280 


October 16-19, Information Manage- 
ment Exposition and Conference, 
McCormick Place, Chicago IL. The 
theme, strategic planning in the infor- 
mation age, was selected to convey the 
need for a corporate strategy for the 
gathering, storage, retrieval, dissemina- 
tion and management's use of informa- 
tion. Computer equipment to be demon- 
strated will include large, medium and 
small systems, mini and micro systems, 
small business systems, terminals, periph- 
erals, data communication systems, data 
collection and preparation handling sys- 
tems, magnetic media and accessories. 
Contact Clapp & Poliak Inc, 245 Park 
Av, New York NY 10017. 


October 24-26, Project Management for 
Computer Systems, New York NY. See 
August 7-9, Houston, for information. 


October 30-November 1, Second Annual 
Data Entry Management Association 
Conference, Sheraton Harbor Island 
Hotel, San Diego CA. The conference 
theme is data entry today and tomorrow 
and will concentrate on the human side 
of data entry and distributed data entry. 
There will be a full schedule of seminars, 
panel discussions, and workshops includ- 
ing hands-on workshops with various 
vendors’ equipment. Contact Marilyn 
Bodek, DEMA, 16E Weavers Hill, Green- 
wich CT 06830.a 
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BUY FROM THE BIGGEST 


10 DAY RETURN PRIVILEGE 


BALLY ARCADE 


"oras TINY. BASIE co. ROMI $49 d 


AVDIO CASSETTE 
CONTROLLER $49 95 


PROGRAMS DM CARTRIDGE 
OM) 


aata (Oa bU war 
SPA) SES e ADCO 


ALT Om BG. SEP ERs OSCE 


EXPAND YOUR WIM SYSTEM 
awy 


anwa ainra X 


CASSETTE AECZRDI P SAN eh 


WEAD ILC. POL A Bua v 


BLEVEL a 
PAPER TAPE 
READER PUNCH 
OATES Let i 1295 00 
5175 00 


LEE 


IDEEN 


* ROYTRON 


we ASCII INTERFACES 
tar. Aceder Punch 


ASCII INTERFACE FOR TC-71 


AW be 


Hockwell 
AIM65 


our 


xe" $129.50 


Aeduce Fuel costs — 
monitor your engines per- 


formance in real time 


: VIM- 1 


From Synertek 


INTEGRAL DATA 
IP-125 

IMPACT 
PRINTER 


NOW omy $749 when purchased 
with COMPUCOLOR I PET VIM 
KIM CR AIM 


THE PET 
CONNECTION 


paee 


MATROX VIDEO 
RAMS S-100 


ans 


$269.00 


o ax 
Table-top © 


Datel Selectric 
Terminals 


X 
SM trom $395 


TELETYPE 


MODEL 43 


TELEPRINTER "um 
l'INIEVERTER 


LEAR-SIEGLER 


VIDEO TERMINAL 


Mov Sms 


AH. bay ckargs iH Whith cani? 
cds 
ssa 


* 10 day return privilege 

* 90 day limited warranty 

© Newest, most exciting products in per- 
sonal computing 

* Outstanding values 

e All items fully assembled and tested 
uniess otherwise stated. 

* Sand for our catalag for more detailed 
product information. 


NCE/CompuMart - 


250 North Main Street, pum BYB8 
PO Box 8610 Ann Arbor, Michigan 48107 


1 
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GRI ASCII 
KEYBOARD 


PROGRRMMER 


iba, £r MOW $5385 


Ha I "T 
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Miet RAP Mya ar d Desde 


fut eget Rap ttm ine A 


Sod AMM, THR Gta 


yit mama imo 


PUR Sn tera) 
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Continued from page 10 


| see no need for a $20* kit (eg: Pickles 
and Trout fTVM-04 mentioned in the 
article) when a 5.20 resistor will do. | 
converted my Philko 9 inch black and 
white TV set by providing a jack at the 
base of the first video amplifier tran- 
sistor and by increasing the value of the 
emitter resistor of that stage by 100 
ohms to prevent overloading trom my 
KIM/TVT-6 interface. The resulting 
picture is excellent. 


Cass R Lewart 
12 Georjean Dr 
Holmdel NJ 07733 


It. is a mutter of having vo product 
marketed with coherent step by. step 
instructions tor u specific product. While 
method no doubt works, you 
probably have the benetit of persanat 
experience which gives vou the con- 
fidence to proceed. . .CH 


TRS-80 INTERFACES WANTED 


| would like to receive information 
and schematics on interlacing a Texas 
Instruments 59 calculator und PC-100A 
printer to a Radio Shack TRS-50 or 
information on where | can obtain a 
board tor this use. 

| would appreciate hearing trom any 
of your readers who have done this or 
may know someone who has. Any help 
will be appreciated. 

| am also interested in a S-100 bus 
adaptor for the T RS-8O. 


Tom Swalenberg 
541 Barnett Rd 
Columbus OH 43213 


A SOFTWARE EXCHANGE? 


At Coloma (MI) High School we have 
4 computer center. In our center we have 
eighl different microcomputer systems 
plus a 3M Model 5500 test scorer. These 
systems use four different BASICS as 
well as a number ot different ways ol 
storing programs, The BASICs we use 


dares 

|. PolyMorphic extended — version 
AGO 

2. IMSAI CPM system BASIC-E ver- 
sion 1.33 

3. Altair 8 K BASIC version 4 

4. North Star BASIC 

The storage systems we use are: 

|, Poly 88 Byte Base cassette 


recording system 
2. IMSAI dual floppy disk system 
with CPM 
Tarbell cassette recording system 
North Star minifloppy disk system 
Standard paper tape 


wa do 


We teel thal it is necessary Lo set up a 
soltware library between schools using 
microcomputer equipment, This would 
Rive schools a chance to exchange pro- 
grams and ideas, and to help other 


schools just getting started by sending 
them already working programs such as 
games, memory tests, and other material. 
We can provide programs to any other 
schools in any of the above formats and 
would be willing to act as a center to 
publish all available computer programs 
far schools, providing other school sys- 
tems are willing to share in this idea and 
trade programs. Any interested experi- 
menters who have programs to share 
with schools are welcome. 


Terri Leamer 

Coloma Computer Center 
Caloma High School 
Coloma MI 49038 


PET BUG? 


Recent PET computers have included 
a comment sheet stating that Richard 
Duda's Othello program in October 
1977 BYTE, page 60, cannot be run 
because of excessive subroutine nesting. 
This is absurd; the program does not 
contain any subroutine nesting. It does 
net work as written because PET BASIC 
does not allow branches out of FOR 
loops. This probably applies to other 
versions of Microsoft BASIC as well. 
On the PET it appears to be acceptable 
to shorten a FOR by setting the index 
to its terminal value. At any rate the 
following fixes work on my PET and 
should work for other computers (such 
as Apple Il, Radio Shack TRS-80 Level 
Il, etc) which use Microsoft BASIC. 


01820 J-0 

01825 FOR J9*1 TO 8 

01830 IF C$(J9]-X$ THEN J-J9: J9-8 
01840 NEXT J9 

01850 IF J-0 GOTO 1720 


02620 F1*0 

02630 FOR t1=-1 TO 1 

02640 FOR J1»-1 TO 1 

02550 IF All 411, J4J11- T2 THEN F1*1 Ji-1: 11-71 
02560 NEXT J1 

02670 NEXT I1 

02580 RETURN 

Delete 02690 thru 02720 


This is an excellent program and the 
graphics can be easily enhanced to show 
off the PET's capabilities in this area. 
A Go board with the pieces at the inter- 
sections of the lines is easier to use and 
more appropriate to the game than a 
checker type board. It does require an 
8 K machine as written, but probably 
could be compressed. 

Some of PET's bugs the new owner 
should watch out for are that expres- 
sions of the form IF NOT X may not 
evaluate properly, and executing a DIM 
in the middle of a program may clear all 
variables to zero. These are real disasters 
in connection with the PCC version of 
LIFE, lor instance. 

Incidently, my PET, delivered April 
5, is 113,541. It was delivered less than 
three weeks after | mailed the order, has 
worked flawlessly from the start and is a 
superb machine for the price. Docu- 
mentation remains less than adequate, 
so Novices beware. 


Mike Hughes 
POB 393 
Rapid City SD 57709 


Hobbiests! Engineers! Technicians! Students! 


Write and run machine language programs at home, display video graphics 
on your TV set and design microprocessor circuits —the very first 
night— even if you've never used a computer before! 


ELF HI featuring 
RCA COSMAC 


microprocessor/mini- 


computer 


Get "hands on" experience with a computer for just 
95 $99.95. Then, once you've mastered computer 
fundamentals. expand ELF 1} with low cast add-ans and 
you've got an advanced personal computer poweriul 


enough to solve business, industrial or sciesthic 
problems. 


Learning Breakthrough! 
A Short Course On 
Microprocessor And 


Computer Programming 
Written for anyone! Minimal background needed?! 


ELF e Using advanced computers 1s now as easy as driving a 
by NETA omas car with an automabc transmission We will leach you, step 
he el PR by step. instruction by instruction, how to use an RCA 


COSMAC computer 

Not only does cor short course explain. co guters. it 
heips anyone write and run programs and solve complex 
problems requiring a computer Knowing how a computer 


shown with optional 4h 
Memory Boards, GIANT 
BOARD’, Kluge 


hey ang works can help you 
Merboare (1) Spot situations where a computer can assisl you in 


business, ndustry, personal applications, elc, (2) Select the 
Most economical computer (or microprocessor} and related 
hardware for your specific needs, (3) Wile and «un Ihe 
programs you need, and! 4) Heep you! compuler casis Mer 
This course wat antren ter FIF II users byt esa 
blockbuster tor every ACA COSMAC user or owner 


F, 


Stop reading about computers and get your hands on one ELF II «s an outstanding tramer 
for anyone who needs to use a computer to maximize his or her personal effecliveness Bul ELF {i 
181 just a lrainer Expanded, it becomes the hearl of a powerful computer system 

For $99.95 You Get AH This— 

No other small personal computer offers video output and ELF II's expansion capabilities 
lor anywhere near $99.95 ELF ll can create graphics on your TY screen and play electronic 
games! | pays for itself over and over agam in the tun «t provides for your whole family 

SPECIFICATIONS Engineers and hobbiests can use ELF H in microprocessor-based circuits as à counter alarm, 

ELF Il features and RCA COSMAC COS/MOS 8-but | 6. thermostat, timer, telephone dialer etc. The possibililies are endless! 
microprocessor addressable 10 64h bytes with DMA, \ The ELF I Explodes Into A Giant! 
interrupt, 16 registers, ALU, 256 byte RAM, full hex Once you ve mastered computer fundamentals, ELF It can give you POWER! Piug in the 
key board, two digit hex output display, 5 slot plug-in | GIANT BOARO™ and you can record and play back your programs, edit and debug programs, 
expansion bus (less connectors), stable crystal clock | communicale with remote devices and make things happen in the real world Add Kluge Board lo 
for timing purposes and a double-sided, | Solve specific problems such as operating a more comple alarm system or controlling a printing 
plated-thraugh PC board plus RCA 1861 video IC to | press ék memory units let you write longer programs and solve even more sophislicated 
display any segment of memory on a video monitor or | business, indusinal, scientific and personal finance problems 
TV screen Add ELF II Tiny BASIC And Keyboard! 

XPANSION OPTION To mabe ELF Il easier lo use, we ve developed ELF {i Tiny Basie H tels you program ELF I) 
* ELF a Gl PAN RION O MONS. e 12, | with simple words you can type out on a keyboard such as PRINT, RUN and LOAD ELF II responds 
RS 232-C/TTY UO. 8-hit P L/O, decoders for 14 | Of disblaying answers on your printer, video monitor or TV screen 
separate I/O instructions and a system Write And Run Programs The Very First Night! 
monitor/editor. Tums ELF Il into the heart of a The ELF Jl ut includes all components and everything you need to write and tun your own 
full-size system with massive computing. power’ | programs plus the new Prae Graphics chip that lets you display any 256 byte segment of memory 
$39 95 kat on a video monitor or TV screen No wonder ELF Il is now being used as a tramer ia many tugh 
* 4k Static RAM. Addressable toany 4k page to 64k. | schools and universities à 
Uses low power 2102's Chip select circuit allows Easy instructions get you started right away even il you've never used a computer before 
original 256 bytes io bc used Fully buffered | The newly expanded ELF Il Manual covers assembly testing, programming. video graphics and 
Onboard $ valt regulator $89 95 kit. es. 
* Prototype (Kluge) Board accepis up to 36 1 C's ELF ll can be assembied in a single evening and you'll still have time to run programs 
including 40, 24, 22, 18, 16, 14 pin. Space available | including games. video graphics, etc before going to bed! 


for onboard regulator $17 (0 m--— m en m SEND TODAY! um am =m um i | 
rs 75 


» Gold plated Bó-pi tor. $5.70. 
: ELE H1 Full ASCH Key board. Upper and lower ETRONICS R&D LTD., Dept. BY-6 (203) 354-93 


case Sb4 95 kil 


*$ amp Expansion Power Supply. Powers the 
entire ELF JI (Not required untess adding Jk RAM 
boards 1 $34 95 hit 

All of the above PC boards plag directly into 
ELF H's expansion brs. 


ELF If TINY BASIC 
Communicate with ELE 11 in BASIC! ELF II Tiny 
BASIC iscompauble with either ASCIL Keyboard and 
TY screen or standard :eletype ‘video terminal 
utilizing RS 232.C or 20 mil TTY imerface 
Conmands include SAVE and LOAD for storing 
programs on standard cassettes, a plot command ta 
display graphic information and special commands 
for controlling ELF JI 1/O devices '6-bil integer 
anthmcüc, $, 3X, . f! 26 variables A-Z Other 
commands include LET, IF THEN, INPUT, PRINT, 
GO TO, GO SUB, RETURN, END, REM, CLEAR, 
LIST, RUN, PLOT, PEEK, POKE Comes with 
mamenance documentation and excellent usec's 
manual that allnws even beginners to use ELF Il for 
sophisiicated applications (4k memory required | 
$14 95 on cassette lape 
Coming Soon . . .0-A, A-D Converter © Controller 
Board ¢ Cabinet « Light Pen (Lets you write or draw 
nmviing an a 1 V screen Imagine having a “magic 
wand" that writes like a crayon’) 
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F 333 Litchfield Road, New Milford, CT 06776 


O YES! | want to run programs at home and have enclosed: O $99.95 plus $3 

| p&h for ACA COSMAC ELF JI kit O $4 95 for power supply required foc ELF [) sil 
1 $5.00 for RCA 1802 User's Manya! 

O $4.95 for Short Course on Microprocessor & Computer Programming. 

O ELF Il connects Io the video input of your TY set. IÍ you prefet to connect ELF tl to your 
| antenna terminals instead, enclose $8 95 for RF Modulator ^ 

13 $39 35 plus $2 p&h for ELF GIANT BOARD’ tut 
| — Ak Static RAM kil, $89.95 ea plus $3 p&h 

D $17.00 plus $1 p&h for Prototype (Kluge) Board 
| C1$34 95 plus $2 p&h for Expansion Power Supply tut 

— Gold plated 85-pin connectors at $5.70 ea [^ 
| Ci $64 95 plus $2 p&h for ASCII Keyboard kil 1 

C1$14.95 for ELF II Tiny BASIC cassette a 

Cil want my ELF IJ wired and tested with the power transformer, RCA 1802 User's 
| Manual and Short Course on Microprocessor & Computer Programming tor $149.95 
l plus $3 påh 

Total enclosed (Conn res add tag $————— D Check here if you are enclosing 
| Maney Order or Cashier's Check to expedite shipment 


NAME y 
ADDRESS. 
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Pascal versus COBOL 


Where Pascal Gets Down to Business 


Ken Bowles 

Institute for information Systems 
University of California San Diego 
Mail Code C-021 

La Jolla CA 92093 


With a few important extensions, Pascal 
can be an extremely powerful tool for writ- 
ing interactive business application programs 
on microcomputers and minicomputers. 
Pascal provides data structuring facilities 
generally superior to those of COBOL, and 
its control constructs allow a systematic 
and modular approach to program design 
that reduces development effort and im- 
proves reliability compared with BASIC or 
FORTRAN, The extensions needed make 
it easy to write interactive programs, use 
random access (floppy) disk files, handle 
business arithmetic, and recover from error 
situations. 


A Case Study 


In this article we will illustrate the use of 
Pascal for a program application one might 
find, with variations, in many small busi- 
nesses. Morc general descriptions of the 
language are contained elsewhere in BYTE 
and in many published introductory text- 
books. 

The business we have in mind keeps 
records of information about transactions 
with its customers, and also records con- 
taining descriptive information about the 
people with whom it deals, The descriptive 
records might apply to clients of a law firm, 
patients of a medical or dental clinic, sup- 
pliers of a hardware store with a large and 
diverse stock, houses currently listed by a 
real estate firm, users of hardware and soft- 
ware products handled by à computer store, 
and so on. The transaction records would 
describe orders for goods to he sold, de- 
liveries, invoices sent, payments, requests 
for information, promotional literature sent, 
customer property sent out for repairs, 


medical tests ordered, etc. Typically each 


record in the file of descriptive records 
would correspond to many transaction 
records. Depending upon circumstances, 


the transaction records might be stored in- 
termingled with the descriptive records (just 
as in the shoe boxes that some small busi- 
nesses now use) or in a separate disk file. 
They might be stored on the same floppy 
disk if the files are small, or they might be 
stored on different disks. In any event, we 
assume that the number of items in the de- 
scriptive file is so large that manual proc- 
essing of the transactions information repre- 
sents a significant cost to the business for 
record keeping. We also assume that the 
business is small enough that it cannol 
afford to have its own full time data proc- 
essing department. 

We now consider how Pascal programs 
written for a small computer might help in 
the operations of a hypothetical small busi- 
ness, the Zyx Gizmo Store. With many com- 
peting manufacturers producing gizmos, it 
is necessary for Zyx to keep track of many 
different sizes, shapes, qualities and special- 
ized forms of gizmos. Morcover, the buyer 
can start with a basic model, later adding 
modules to obtain a larger and more sophis- 
ticated gizmo. Gizmos require periodic 
Maintenance and corrective repairs. Zyx 
stocks some replacement parts which are 
installed in customer's gizmos by the Zyx 
repair department or sold to users who do 
their own repair work, Some replacement 
Parts are Loo expensive to stock locally, and 
Zyx must order them from regional distribu- 
tors when needed. Gizmos are complicated 
enough to use that many users require text- 
books or short training courses lo under- 
stand how to use them. Zyx sells the text- 
books and runs periodic training seminars 
for which users pay a small fee, Both the 
training and repair problems are made com- 
plex by the rate at which the technology of 
manufacturing gizmos is advancing, as new 
models are introduced by the manufacturers 
each year. While the similarity of the gizmo 
io the microcomputer is easily. recognized 


by many readers, the gizmo model could 
apply equally well to technology based de- 
vices being sold in many fields today. 

We can assume that Zyx is large enough 
to employ several salespeople, repair people, 
and at least one full time administrative 
assistant in addition to the owner of the 
company. In general, when a situation arises 
requiring communication with a customer, 
any one of these people may have occasion 
to refer to the filed records on previous 
transactions involving that customer. If the 
customer telephones to request advice about 
an apparently malfunctioning gizmo, the 
responding Zyx employee usually needs 
information about the make, model, size 
and other details describing the customer's 
gizmo. If a customer asks Zyx to order an 
additional module from a national distribu- 
tor, he or she may call Zyx to inquire about 
the fate of the order before delivery is ac- 
tually completed. If a manufacturer of 
modules for gizmos introduces a new line 
of devices, Zyx may wish to save on promo- 
tion costs by contacting only customers 
known to be using gizmos compatible with 
(hat manufacturer’s devices. For these and 
many other reasons, designated employecs 
of Zyx should have ready access to records 
on the customer's dealings with the firm. 
These records make it possible for Zyx to 
render a personalized service that probably 
is the main reason why customers come 
to the Zyx store for their gizmos rather 
than to a national or regional distribution 
company. 

Of course now that low cost microcom- 
puters have become moderately powerful, 
it is possible, in principle, for Zyx to main- 
tain its descriptive and transaction records 
on customers in a floppy disk or small hard 
disk system. ldeally, the cost of adding a 
microcomputer to a small business operation 
is only a fraction of the value received, both 
in labor costs and in improved customer 
relations. Moreover, the company could 
use the microcomputer for maintaining its 
accounting records, sending bills, keeping 
track of inventory and so on. We say ideally 
because the effort to write a suite of pro- 
grams to access and maintain the necessary 
files can be quite substantial if the program- 
ming is done in BASIC or FORTRAN (or 
assembly language). Using Pascal the effort 
should be very much less than the equivalent 
effort using BASIC or FORTRAN. 

Since COBOL is becoming available 
on microcomputers, some comments on 
COBOL versus Pascal are appropriate. Here 
the principal issue has more to do with the 
operating system, within which business pro- 
grams written in the language will run, than 
with the language comparison. Given reason- 
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able operating system support of the lan- 
guage, no one versed in Pascal would con- 
sider backing up to COBOL. COBOL's 
principal attraction in the business comput- 
ing community has been that it is the most 
standardized of all the widely used lan- 
guages. COBOL provides facilities for storing 
dissimilar types of information mingled to- 
gether in transaction records intended to be 
stored in off line media like disks and 
magnetic tape. Pascal too has very powerful 
facilities for storing complex data records, 
and its facilities for building complex pro- 
grams are far superior to those of COBOL. 

Regarding the operating system support, 
we'll assume in the rest of this article that 
the user’s Pascal program is developed under, 
and runs within, the UCSD (University of 
California at San Diego) Pascal Software 
System (see "UCSD Pascal: A Machine Inde- 
pendent System," May 1978 BYTE, page 
46). This system provides what amount to 
language extensions to Pascal which facili- 
tate the use of Pascal in writing interactive 
business programs. Some of these extensions 
will be mentioned at points in the discussion 
where they are used in our example. The 
accepted informal standard for the Pascal 
language, as described by Niklaus Wirth in 
his revised report on Pascal (Pascal User 
Manual and Report, K Jensen and N Wirth, 
Springer Verlag, New  York/Heidelberg, 
1975), lacks definition of several facilities 
that are really essential if the language is to 
be convenient for writing business programs. 
On the other hand, Pascal provides an ex- 
tremely high level from which these facilities 
can be added. 


Transaction Records 


In Pascal, the programmer is required to 
declare what type of information will be 
stored under the identifier of each variable. 
Readers of BYTE should be familiar with 
the concept of type as it refers to an integer 
(whole number), real (floating point num- 
ber), or string (of characters) item stored in 
the program's memory. Readers may also be 
familiar with the concept of an array con- 
taining a collection of items all of the same 
type. In effect, an array is a composite type 
associating one identifier with a collection 
of many similar data items, ie: all integers 
or all reals, etc. Pascal allows one to declare 
one's own composite type containing a 
collection of items of dissimilar types. List- 
ing 1 gives a concrete example that might 
apply to the records of the Zyx company. 

In Pascal, any type declarations one 
wishes to make must appear in the main 
program or in a block (subroutine) before 
any variable identifiers are declared follow- 
ing the reserved word var. In the example 


above, representing part of a block, the var- 
lable identifier ‘nrec is to be used for tempo- 
rary working storage of a customer record 
read in from an external device such as disk. 
outrec is to be used to collect several data 
items together before writing out to the ex- 
ternal device. Both variables are declared to 
be laid out in memory according to the type 
declaration for customer. |n other words, 
the declaration of customer describes the 
various fields of information that will be 
found in any record of that type, whether 
currently stored in main memory or on an 
external medium. 

The first field within a record of type 
customer is a name consisting of up to 30 
characters, The name is of type, string, 
which is a UCSD extension of the standard 
Pascal concept of a packed array of charac- 
ters, The type string is really just a prede- 
clared record type within standard Pascal. In 
addition to the packed array of characters, 
the record also contains a single byte field 
representing the number of characters cur- 
rently containing useful string information. 
in UCSD Pascal, a variable of type string 
with no reference to the maximum length 
(like the /30] in the name field) will be 
given a default maximum length of 80 char- 
acters. Characters are ASCII and are synony- 
mous with the concept of 8 bit bytes. 

The identifier chargesunpaid is an ex- 
tended precision integer represented inter- 
nally as a 32 bit binary number and limited 
lo storing numbers with up to eight decimal 
digits of precision. Associated with charges- 
unpaid is a scale factor of two decimal digits, 
designed to represent dollars and cents. Both 
the extended precision concept and the deci- 
mal scaling factor are UCSD extensions to 
standard Pascal intended particularly for 
business use. Where no precision or scaling 
factor is mentioned in the type portion of 
an integer declaration (as with the fields 
areacode, prefix and extension), thc system 
assumes that the programmer wants the 
standard integer precision on the machine 
being used. On most microcomputers this 
will be 16 bits, equivalent to about 4.5 
decimal digits. 

telephone is the identifier of a field 
within the customer record layout, where 
telephone js itself a record containing three 
fields, each of which is an integer. Depend- 
ing upon the purpose one might have in 
mind for the data on telephone numbers, it 
might be better to represent the telephone 
number field as a string of ten characters. 
We have used this representation mostly as 
an illustration of the language facilities. 

address is also the identifier of a field 
which is itself a record containing three 
fields. Both telephone and address are said 
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type customer = 
record 
name: string{30] ; 
chargesunpaid: integer[8:2] ; 
telephone: 
record 
areacode: integer; 
prefix: integer; 
extension: integer 
end; 
address: 
record 
street: string[40] ; 
citystate: string [40]; 
zip: integer[5] 


end 
end {customer}; 


var 
x,y: real; 
i: integer; 
inrec, outrec: customer; 


Listing 1: User declared composite type declaration in 
Pascal. ín Pascal, the programmer is required to declare 
what type of information will be stored under the identifier 
of each variable. Examples of standard predeclared types 
include integer and real. Pascal allows one to declare one's 
own composite type containing a collection of items of 
dissimilar types. In this example, the type "customer" has 
been created, consisting of a record of the variables name, 
chargesunpaid, telephone and address. String is a prede- 
clared composite type provided by UCSD's Pascal system. 


to be "nested" inside the record of type 
customer. Pascal would allow us to nest 
record type fields within either telephone 
or address if we wished to do so, and those 
record fields could in turn contain other 
records. In this respect Pascal and COBOL 
are similar, though the Pascal facilities for 
record declarations are generally more flexi- 
ble. As in COBOL, one can declare that a 
particular transaction record may be used 
with several distinct field layouts, allowing 
a file to contain records with several differ- 
ent formats. 

In Pascal, one refers to a complete record 
by its identifier alone. We could transfer the 
entire content of /nrec to outrec using the 
statement: 


outrec ‘= inrec 


No concept similar to COBOL’s MOVE 
CORRESPONDING statement is available to 
allow the transfer of similarly named fields 
between records declared to be laid out 
differently. 

If we wish to refer to a single field of a 
Pascal record, it is necessary to name both 
the record identifier and the field identifier. 
Thus we might assign a value to the name 
field of outrec as follows: 


outrec.name := ' John Q. Public’ 
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In the situation of complex record types 
with many nested records, one can often 
simplify the extra writing needed to refer 
to all the nested record identifiers by using 
the Pascal with statement. 


Interactive Input and Output 


Input and output (IO] is the area of 
greatest importance in business applications 
where the standard Pascal definition lacks a 
few essential features, Standard Pascal input 
and output do provide an orientation simi- 
lar to some implementations of COBOL in 
that a file (an IO device) has an associated 
buffer variable of the same type as that of 
the file itself. In the next section we'll 
consider files associated with record types. 

Published discussions of input and output 
in Standard Pascal are generally limited to 
handling files of type char, meaning that 
input and output are assumed to consist of 
a stream of characters. The standard identi- 
fier text is a convenient way to declare a 
file identifier as in: 


fid: text; 
which is equivalent to: 
fid: file of char; 


The standard Pascal read and write state- 


NORTHWEST 


ments provide automatic formatting of 
external character strings representing inte- 
ger or floating point numbers into and from 
their corresponding internal integer and real 
representations, 

While the concept of type text is useful 
when working with magnetic tape devices or 
with card input and line printer output, it 
has proven difficult to use with interactive 
devices. The UCSD Pascal system is ex- 
tended for this purpose. The principal prob- 
lem with type text for interactive files is the 
standard Pascal definition of the read state- 
ment. read(fid,x) is equivalent to: 

x : fid t; 

get (fid) 
in which the content of the buffer variable 
is first assigned to the variable x, following 
which a new character is loaded into the 
file's buffer variable from the external de- 
vice. This is inconvenient when one would 
like to place a prompting message on a video 
display screen, using a simple write state- 
ment, following which the program should 
wait for input demanded by a read state- 
ment. The standard mechanism implies that 
the system looks ahead for a character to be 
loaded into the buffer variable. This is a 
great idea for tape files, but not at all con- 
venient for interactive devices. UCSD Pascal 
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extends this concept by associating type 
interactive with interactive devices. Type 
interactive is the same as type text except 
that the buffer variable is loaded from the 
external device before the value in the buffer 
variable is moved to the program variable. 
In more explicit terms: 


var fid: interactive; 


. 


get(fid); 
x : 7 fid 1 


where the last two lines represent read(rid, aJ. 

UCSD Pascal extends the idea of types 
text and interactive by allowing a string 
to be handled with minimum = fuss. On 
read(fid,strg) (or just read(strg), when re- 
ferring to the standard system file input), 
one types characters at a video display key- 
board with each character. appearing im- 
mediately on the screen. If a character is 
mistyped it can be erased from the screen 
and the input buffer by pressing the back- 
space key, Hone wants to erase the entire 
input buffer for a clean start (with all typed 
characters wiped off the screen), one presses 
the delete or rubout key. The read operation 
is terminated when return is pressed, where- 
upon one can determine the number of 


characters actually input into the variable 
sirg by using the built-in siring function 
length(strg). On output, the write statement 
determines how many characters to send 
from a string variable using the length field 
associated with that variable. For example, 


write('Hello There’); 
and 


sirg := ‘Hello There’; 


write(strg); 


would both produce the same 2 word mes- 
sage on the output device. As in Standard 
Pascal, the width of the field of characters 
sent from the write statement can be con- 
trolled as follows: 


write(strg: width) 


Disk Input and Output 


One of the main reasons for using a disk 
file is to allow rapid random access to any 
selected record in the file. Access to a floppy 
disk record takes roughly 0.25 seconds, 
whereas access to a record on a tape cassette 
or cartridge can take many seconds or more 
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than a minute, Interactive business process- 
ing usually requires files to be maintained 
on an external medium like disk or tape be- 
cause the main memory of a microcomputer 
or minicomputer is usually not large enough 
to contain a complete file at one time. Ran- 
dom access is almost mandatory in most 
cases to avoid long waiting times for the 
people using the computer. 

For example, the Zyx company might 
have a database of customer records in a file 
feust declared as follows: 


fcust: file of customer; 


within the variable declarations of a Pascal 
program. When a customer arrives to ask for 
information, a Zyx staff member wants im- 
mediate access to the record associated with 
that customer in the disk file. Standard 
Pascal provides no way to reach the cus- 
tomer's record without sequentially reading 
many other records: usually starting at the 
beginning of the file. UCSD Pascal allows 
one Lo position the record number pointer 
of the file using the built-in seek statement, 
for example: 


seek(fcust, recnumber) 


Following execution of this statement, the 
standard procedure call get(fcust) would load 


the selected record numbered recnumber 
into the buffer variable of the fcust file. 
Contents of the buffer could then be altered 
directly or moved to other variables in the 
program. gef causes the record number 
pointer associated with the file to be ad- 
vanced Lo the next record in sequence. If 
vou want lo change the contents of the 
buffer variable and then return the changed 
contents lo the disk record numbered 
recnumber using put(fcust), you would first 
have lo cal! see? again. The get and put pro- 
cedures of Standard Pascal are designed with 
sequential tape files in mind, and they can 
also be used for sequential reading of disk 
files, Use of the seek procedure as described 
allows random access Lo disk Files with mini- 
mum alteration of Lhe standard language. 
Several aspects of disk file handling are 
very important for simplifying the task of 
the business application programmer, though 
not specified as part of the Pascal language. 
For example, standard floppy disk media are 
usually partitioned into sectors of 128 bytes 
each. In some operating systems, such as the 
Digital Equipment RT11 operating system, 
a file is made lo appear as partitioned into 
physical records of 512 bytes called blocks 
(UCSD Pascal system uses this convention). 
Typically, the record layout à programmer 
wants to use (such as customer in our ex- 
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ample) does not result in a neat fit with the 
sector or block size demanded by the oper- 
ating system. This means that a logical rec- 
ord associated with a record type declaration 
in Pascal may occasionally be split between 
two physical records on the disk. The oper- 
ating system should allow the Pascal pro- 
grammer to gef a record from the disk or 
put à record to the disk without concern for 
this complication. The system should main- 
tain a directory of disk files so that the pro- 
grammer need not be concerned with the 
actual location of a file on the disk, but only 
with the number of a logical record counting 
from the beginning of the file. 

The programmer of a business applica- 
tions program package needs to have a 
simple way to cause a program to call for 
changes in the library of disk files main- 
tained by the program. For example, an 
obsolete copy of a master file might be re- 
moved from the directory, or its directory 
name changed. The UCSD Pascal system pro- 
vides these and other facilities to make disk 
file handling as painless as possible on a 
small machine. 


Keeping Track of Categories of Data 


One of the common problems in business 
programming is identifying people or things 
with certain groupings or categories in order 
to simplify the handling of data on those 
people or things. For example, the Zyx com- 
pany might want to characterize some cus- 
tomers as primarily oriented to gizmos made 


type 
manuf = fable, baker, charlie, davis, edwards, jones, smith, none]; 
customer = 
record 
name: string[ 30] ; 
chargesunpaid: integer[8:2] ; 
equipment: set of manuf; 
telephone: 
record 
areacode: integer; 
prefix: integer; 
extension: integer 
end; 
address: 
record 
street: string[40] ; 
citystate: string40] ; 
zip: integerí5] 
end 
end {customer J ; 


var 
xy: real; 
i: integer; 
supplier: manuf; 
inrec, outrec: customer; 


Listing 2: An expansion of the Pascal code in listing 1 illustrating the use of 
sets. The type manuf has been added, which can be associated with a variable 
allowed to assume only the values enumerated in the declaration. For ex- 
ample, the new variable supplier, of type manuf, may take on the value of 
any of the items in the manuf list such as able or davis, but no others outside 
the type. 
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by certain manufacturers, such as the Able, 
Baker, Charlie, Davis, Edwards, Jones and 
Smith companies. Within the product lines 
of these companies, Zyx might also want to 
have ready access to a record showing which 
selection of all the possible gizmo modules 
a customer might have. Thus, when a cus- 
tomer makes an inquiry or a manufacturer 
brings out a new type of module, Zyx staff 
members could reduce the effort in knowing 
how to deal with the customer. For ex- 
ample, a printed promotional brochure 
might be sent only to the customers asso- 
ciated with an appropriate combination of 
categories, 

In virtually any programming language, 
this problem can generally be solved by stor- 
ing descriptive strings as additional fields of 
the customer record. However, the strings 
can take up far more space than one would 
like (particularly on a minifloppy disk!), and 
they are awkward to use when you are sim- 
ply searching through a file for records cor- 
responding to a particular combination of 
categories. For example, we might want to 
search the file to identify all customers who 
own gizmos made by the Able, Jones and 
Smith companies who also have a particular 
type of add-on module. (If you are having 
trouble relating to gizmos, how about 5-100 
bus microcomputers with a minimum of 
16 K bytes of memory?) 

To solve the space problems in storing 
categories information, a standard technique 
in traditional programming languages in- 
volves deciding on a set of codes to represent 
the various categories, In our simple exam- 
ple enumerating the gizmo manufacturers, 
we might store a single letter representing 
each manufacturer, such as A for Able, B for 
Baker, and so on. But how do we store the 
information that a particular customer is 
associated with two or more of these codes? 
Without a complex indexing mechanism, a 
random access disk file virtually requires 
that all logical records be of the same size. 
Do we provide an array for storing these 
codes? How long does the array need to be 
to account for all possible combinations of 
codes for our customers? Are we willing to 
put up with inaccurate data on a few cus- 
tomers in order to save large amounts of file 
space for the great majority of customers? 
How do we write a search program 1o go 
through the file quickly to find all the cus- 
tomers associated with a specific combina- 
tion of categories? The reader might well 
pause at this point to consider how to ac- 
complish these tasks with his or her favorite 
programming language. 

The Pascal facilities for handling sets are 
designed to make program solutions for 
problems like these as painless as possible. 


For example, we might expand the declara- 
tions given earlier as shown in listing 2. 

We have added the declaration of a new 
type manuf which can be associated with a 
variable allowed to assume only the values 
enumerated in the declaration. For example, 
the new variable supplier is allowed to be 
assigned the value ab/e, or jones, from the 
list of enumerated identifiers. 

Also declared as a new field of the 
customer record type is equipment, a set of 
members selected from the type manuf. 
If a customer of Zyx owned gizmos made 
by Baker, Edwards and Smith companies, 
the following assignment statement might 
appear in a simple program: 


outrec.equip := [baker, edwards, smith] 


where the quantity in brackets on the right 
side is a set constant stating that items are 
present from the three manufacturers noted. 
For an interactive business file maintenance 
program, the record of a new customer 
showing no association with a manufacturer 
would most likely be initialized using an 
empty set constant: 


outrec.equip :=[ ] 


Then, when the customer acquired his or her 
first gizmo, we might find a statement such 
as: 


outrec.equip := outrec.equip + [edwards] 


which would form the union of the old value 
of the equip set with a new set constant 
value. In other words, equip would now 
have a notation indicating the presence of 
edwards in addition to what was previously 
noted in equip. We could continue adding 
notations of other gizmo acquisitions when 
appropriate. In fact this process is likely to 
assign a value to a simple variable of the set 
type associated with manuf; then that vari- 
able would be used elsewhere in the program 
to augment the noted membership of equip. 

Pascal's facilities for handling sets are 
advantageous in many ways. A set is gener- 
ally stored in memory as an array of binary 
bits which are made accessible in a special 
way, In UCSD Pascal, a set is stored as a 
string of bytes, each byte containing up to 
8 bits to indicate whether a corresponding 
value is present in the set. Only the number 
of bytes needed to hold the declared number 
of set members need be stored. If, as is 
usual, one needs several dozen members in 
a set for a business application, the space 
occupied is very little more than the mini- 
mum needed. UCSD Pascal allows a set to 
have as many as 4080 members. 

Once the value of a set field of a record 
has been assigned, it is readily possible to 
test whether a customer record is assaciated 


with a desired combination of members. For 
example, to determine whether a customer 
is noted as owning gizmos made by Baker, 
Edwards or Jones companies, we could use 
an /f statement such as: 


if (outrec.equip * [baker,edwards,jones]) <> [ ] 


then 
begin... end; 


Here the expression within parentheses 
(on the left of <>”) isolates the members 
of equip falling in the group Baker, Edwards 
and Jones. The parenthesized expression is 
said to be the intersection of the value in the 
equip field in outrec and the set constant 
within square brackets. The comparison indi- 
cated by <> then asks whether the result of 
the intersection operation has left any mem- 
bers by asking whether the result is an emp- 
ty set. If not, then at least one of the three 
members must be present, and the com- 
pound statement (begin ... end) following 
then is executed. 

The alternative to this test for set mem- 
bership would usually be a complex se- 
quence of IF tests in the traditional lan- 
guages. The set combining and testing 
operations can be implemented efficiently 
by the Pascal system. Thus they allow a 
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program to be written. more simply and 
occupy less space, They also make the oper- 
ations undertaken by the program more 
obvious to anyone versed in Pascal, thus 
making a complex program more easily 
maintainable and bug free. 


There's a Lot More 


It is not possible Lo present a comprehen- 
sive view of how one uses a language for 
complex business programming within a 
short article. For example, we have nol de- 
scribed the use of Pascal sePrurge variables, 
which allow a programmer lo stale that a 
variable is permitted to contain only certain 
declared values, If an attempt is made to 
assign to the variable à value outside the de- 
clared range, the program either terminates 
abnormally or {if Pascal is extended in a 
simple way) the programmer may provide a 
recovery block in which corrective measures 
may be taken, Data validation is one of the 
most common problems in business data 
processing. At UCSD, we feel that the addi- 
tion of a simple recovery block mechanism 
is essential to allow reduction in. program 
complexity for handling the many excep- 
tional circumstances That show up in busi- 
ness dala, without unnecessary interruption 
of processing, 


A Note on Pascal Extensions 


Though Pascal does seem to require a few 
extensions to make business application pro- 
gramming truly practical, the language pro- 
vides an extremely powerful base from 
which to work. One of the strengths of 
Pascal, according to the intentions of Hs 
designer, is that it offers all this power in a 
remarkably simple and self-consistent form. 
The necessary extensions can. be made in 
ways that. generally retain. this consistency 
so as LO be relatively obvious to the program- 
mer. We feel that Pascal is by far the best 
language available for adaptation lo inier- 
active business processing on small machines. 
We would be happy to send further intorna- 
tion about how we use the language for 
business or real time applications to anyone 
who writes to us. 

[he questions of whether standard 
Pascal should be extended, and how, are 
currently. being debated intensely: in. the 
international Pascal Users Group. Lach 
Special interest community of Pascal users 
has its own list. of extensions considered 
essential to make the language a practical 
tool for developing software products in that 
community. Evea the question of what 
extensions are essential is being debated, 
since it is possible to use the facilities of the 


standard Pascal language to create a library 
of routines to handle the user's special 
problems in most cases. In general, an imple- 
mentor should consider extending thc 
language only in cases where the result will 
be simpler and more reliable or efficient 
programs. 

This article discusses extensions that the 
author feels are essential for business appli- 
cations. Other communities with very strong 
interests in Pascal work with real time appli- 
cations, development of system software 
such as operating systems and compilers, 
interactive systems such as computer assisted 
instruction, scientific computations, and so 
on. Of course these communities do overlap 
substantially. If the essential extensions 
needed by all these communities were added 
to the standard Pascal language, the simpli- 
city and self-consistency that make the 
language so important would probably be 
destroyed. Therefore, tt is very unlikely that 
an eventual formal standard for the Pascal 
language will include any but the most 
widely needed extensions currently. under 
discussion. 

This situation leaves many Pascal advo- 
cates very much worried that there will be 
no effective standards for the extended 
language features needed by the special 
inlerest communities. There has been 
discussion within the Pascal Users Group 
about the possibility of encouraging develap- 
ment of common interest supersets of the 
language tor specialized uses. Ideally, lan- 
guage standardization is a process which 
should proceed slowly giving attention to 
the ideas of all experts who wish to be 
heard. In practice, the use of Pascal is 
growing so [last throughout the computer 
industry that close coordination of the 
extensions made by many implementors 
has become virtually impossible. We at 
UCSD have set ourselves the limited goa 
of seeking coordination and cooperation 
on Pascal extensions for system program- 
ming (including those for business and rea 
time applications) among a number of 
industrial firms that seem most active in use 
of the language, particularly as regards smal 
computers. | or reasons associated with their 
own proprietary interests, these firms will 
generally be able to cooperate on only some 
of ihe most widely used language extensions 
within their special interest communities, À 
Pascal language extensions workshop was 
held at UCSD in July of this year primarily 
to help bring about this coordination. We 
intend to cantinue working as closely as 
possible with the international Pascal Users 
Group, and to take guidance from the PUG 
leadership on extension issues whenever 
practical. m 


Continued from page 6 


stroking of programs or object code for 
programs. The traditional manual and job 
shop methods of production of copies of 
software for distribution are not appropriate 
when we think of a mass market of 10,000 


to 100,000 copies (or more?) of a program. 


distributed via retailers and mail order 
houses with a retail price of (for example) 
$9.95. 


The Software Distribution Model 


Given an identifiable set of computers 
with sufficiently similar characteristics, soft- 
ware can be marketed and distributed to 
multiple users. 

The "sufficiently similar’ characteristics 
which make a program marketable to mul- 
tiple users include the formal representation 
of the software, and the machine readable 
medium in which the software is delivered. 
The machine readable representation of a 
program product is always accompanied on 
delivery by extensive printed documentation. 
At a minimum this documentation describes 
how to use the product; in the optimal case 
it includes details of the actual algorithms 
employed. To summarize, the key points of 
a delivered product are: 


* Formal representation. 
€ Machine readable medium. 
è Documentation. 


Vil be making evaluations and comments 
largely on the subject of formal representa- 
tion from the point of view of the new mass 
market for software which is developing in 
the personal computing field. 


Formal Representation 


The formal representation of programs to 
be distributed by a software vendor is one of 
the key choices which has to be made. At 
one extreme, the vendor could provide 
extremely machine dependent and configu- 
ration dependent low level code for a 
particular computer system product. At the 
other extreme, the vendor of software might 
provide a largely machine independent 
formal representation in a high level language 
shared by a number of computers. At an 
intermediate point between these extremes, 
especially ín an era of mass production of a 
small number of processor architectures as 
microcomputer systems, we find the possi- 
bility of delivering configuration independent 
but machine dependent relocatable repre- 
sentations of low level code for a particular 
microprocessor instruction set. 

For that class of software products 
supplied by the original manufacturer of a 


particular computer system, there is no 
problem providing compatible software at 
whatever level of representation is chosen. 
The manufacturer of a system after all 
controls the detail choices with respect to 
processor hardware, system configuration 
and systems software. Since all the details 
are decided by the particular design, it is 
even practical to market software in the 
form of a memory image at the lowest 
level (possibly in read only memory parts). 
Since the choice of processor is well defined, 
the manufacturer can also provide modules 
of software represented as relocatable 
machine code, along with a suitable loader 
program which is part of his systems soft- 
ware, Since the detailed choice of high level 
language processors is well defined, the 
manufacturer can also provide applications 
and systems programs represented in Ais or 
her high level language. The manufacturer 
of computer systems products at most must 
deal with a small integer number of pro- 
cessors and high level languages. 

We find this model of software delivery 
by the manufacturer of a system throughout 
the computer industry to date. Every main- 
frame and minicomputer comes with low 
level representations of systems software and 
(eventually, if not at introduction) with user 
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libraries of high level and low level programs 
applicable with the particular systems. At 
the lowest end of the personal computer 
spectrum of functions we find a similar case: 
the major programmable calculator manu- 
facturers with their independent incompat- 
ible systems provide users with libraries of 
magnetic cards or read only memories 
expressed in a form consistent with the 


* particular machines. 


But a characteristic of manufacturers of 
computers is already evident again in the 
personal computer world, just as it previously 
existed in the world of minicomputers and 
larger computers: whatever the resources of 
the manufacturer, there is no way it can 
cover all the myriad applications possible for 
its computer. To draw an analogy from 
music, we hardly expect a piano or organ 
company to supply sheet music ("software") 
with the musical instrument which is suit- 
able for every user's tastes. The music "user" 
purchases scores according to personal likes. 
A personal computer provides an analogous 
opportunity to exercise tastes in software 
characteristics. Even for the traditional high 
priced computer, customization through 
software is for the most part independent of 
the manufacturer once the basic operating 
system and software tools have been defined. 

In software, the past has seen a large 
number of custom software vendors grow 
large in the niches of large scale computing 
and minicomputer technology. As the 
number of people using personal computer 
systems increases due to the low price of 
these systems, independent software pub- 
lishing seems to be one of the most promising 
ways to assure a wealth of options to the 
user, provided that the difficulties of the N- 
representation problem can be overcome. 


The N-Representation Problem 


For the moment, let's ignore all reference 
to the problem of machine readable data 
compatibility and simply look at the user's 
point of view with respect to software, The 
user has purchased computer X for use in 
personal or professional contexts. When he 
or she has made the commitment to the sys- 
tem, our user can in general expect to be 
able to conveniently load programs created 
on other X systems from the same manu- 
facturer. But what if he or she wants to load 
a program created by a neighbor on com- 
puter Y from another manufacturer? Or if 
the user wants to load a program from an 
independent software vendor? The variety of 
representations available in the traditional 
world of computers as well as the personal 
computer world is large — even within the 
framework of nominally machine indepen- 
dent high level languages. 

Confining ourselves just to machine 


dependent microcomputer assembly lan- 
guages, there is a wide choice of architec- 
tures, At present we find the 8080, Z-80, 
6502 and 6800 dominate personal computer 
architectures, Over the next two to three 
years we will find added to this list the 
9900, 8086, Z-8000 and 6809. If the user of 
a personal computer sees a neat application 
system which only comes represented in 
8080 code when he has a 6800, that user 
is effectively unable to run it without a 
recoding effort. (But even confining our- 
selves to assembly languages of the same 
machine design, there is often incompati- 
bility. One vendor of Z-80 software provided 
an assembler using a hybrid extension of 
8080 mnemonics, while others use Zilog 
Z-80 mnemonics. So the same processor has 
at least two low level languages available.) 

Turning to high level languages, the 
machine independence of software becomes 
much greater, But current practices in the 
personal computing industry are far from 
machine independent. There is a de facto 
standard BASIC interpreter in existence, 
available on most 6502 and 8080 or Z-80 
systems. This standard high level language 
is that defined by the Microsoft company. 
Extensions and changes of detail accompany 
each implementation, especially when a 
given computer has specialized graphics 
capabilities not available on all the other 
computers, With the Microsoft design, the 
major portions of an extended BASIC are 
identical over a large set of machines. 

But Microsoft BASIC is not the only 
interpreter in existence, A very prominent 
BASIC in terms of the number of users 
employing it as represented in the unsolicited 
articles received at BYTE is the North Star 
BASIC interpreter. This interpreter is widely 
used on 8080 and Z-80 systems because of 
the wide availability of the small floppy disk 
systems manufactured by that firm: buying 
a North Star disk peripheral for an S-100 bus 
system gets the user a limited operating sys- 
tem and the North Star BASIC. The North 
Star BASIC interpreter and the Microsoft 
interpreter are inconsistent in a number of 
fundamental ways in areas of string handling 
and array dimensions. And these are but the 
two most prominent interpreters as seen 
from my point of view as editor of BYTE. | 
could almost comment that manufacturers 
take any random formulation of a language 
vaguely resembling BASIC as originally 
implemented at Dartmouth, and call it 
BASIC for marketing reasons. (The tempta- 
tion to add or delete “features’’ in a language 
is of course not confined to BASIC alone.) 

From the point of view of a software 
publisher, the economies of scale obtainable 
from a mass market will only be obtained if 
we use a common representation for applica- 
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lf your system needs on/off con- 
trol of lights, motors, appli- 
ances, etc., our PC3200 System 
components are for you. Con- 
trol boards allow one 1/0 port to 
contro] 32 (PC3232) or 16 
(PC3216) external Power Con- 
trol Units, such as the PC3202 
which controls 120 VAC loads to 
400 Watts. Optically isolated,low 
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tions and systems programs which can be 
correctly executed by any low level architec- 
ture available in the marketplace. With a 
large number of mutually incompatible soft- 
ware systems, this is not the case. It is my 
contention that the N-representation prob- 
lem can be solved once by use of appropriate 
intermediate language representation and 
efficient interpreters for particular micro- 
processors. Then the key part of an applica- 
tion or systems program product is the high 
level language documentation, the equivalent 
lower level intermediate language object 
code, and the user documentation: all of 
course independent of the final machine 
upon which the software will run. The only 
machine dependent part which needs to be 
published is the intermediate language 
interpreter for a given machine and system 
configuration. This machine dependent part 
needs only one definition and one publica- 
tion version. 

Given an interpreter definition, the 
standard high level language, and the stand- 
ard intermediate language representation of 
programs, the user can be assured that once 
the object code is in place in his machine, 
the program will run with the same charac- 
teristics as described in the documentation 
for a radically different machine. (Hardware 
differences due to favorable number repre- 
sentations will make differences in precision 
and accumulated numeric error effects of 
course.) 


Ruling Out BASIC 


To the software publisher, a choice of a 
high level language and intermediate repre- 
sentation for executable code presents a 
moderate problem. The widely used BASIC 


interpreters could be used for a perfectly 
functional representation for the code of 
many programs. But such interpreters suffer 
from many inherent disadvantages: 


è Lack of uniform representation. 

e Slowness of execution. 

@ Archaic nature of BASIC. 

@ Lack of a compact machine independ- 
ent compiled form. 


l've already commented on the lack of 
uniformity in the various BASIC implemen- 
tations. The slowness of execution is inherent 
in this type of interpreter. In extreme cases 
an active search through memory for a label 
op code is used to find targets of subroutine 
calls or unconditional transfers. At best 
there is a level of semantic interpretation 
necessary to convert a condensed version of 
the source code into executed code, Many 
applications and systems programs cannot 
tolerate the lack of speed inherent tn such 
interpreters, But BASIC can be compiled 
instead of interpreted, so this argument 
alone is far from sufficient to rule out 
BASIC. 

More important, a language like BASIC 
as presently implemented reflects an earlier 
state in the evolution of computer languages, 
circa the early 1960s, with innumerable 
ad hoc patches and fixups to add "features." 
Through the 1960s and early 1970s advances 
were made in the concept of what a 
computer language should be in order to 
be convenient to use and conducive to 
error free thinking and programming. (For 
just one contrast, consider this: where the 
BASIC programmer is required to go almost 
to the machine language level of assigning 
numbers to locations in a program, good 
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conlemporary high level languages such as 
Pascal and its relatives allow the programmer 
ta use meaningful names based on the appli- 
calion being programmed.) 

Finally, BASIC as implemented in most 
cases suffers from the lack of a compact 
externally available machine independent 
version of the compiled form of a program. 
This is an important requirement for the 
software publisher, since executable code 
must always be supplied in some machine 
readable representation, and compactness of 
representation is important if the inconven- 
ience of relatively slow input techniques is 
not to discourage the user. 

For the reasons just summarized, BASIC 
is not the ultimate form in which programs 
are best published. But if BASIC is not the 
personal computing representation which 
minimizes the N-representation problem, 
then what is a better choice? 


Enter Pascal 


My own personal interest in Pascal came 
about for reasons which | summarized in the 
December 1977 BYTE, page 6, in an essay 
entitled "Is Pascal the Next BASIC?" In 
this issue several excellent articles including 
those by Ken Bowles, Chip Weems and Allan 
Schwartz provide further rationale by way 
of tutorial argument and example. 

This personal viewpoint with respect to 
Pascal is that of a user of a personal com- 
puter system who wants to conveniently and 
quickly implement applications and systems 
software projects ranging from the sublime 
to the ridiculous. In the sublime category, | 
include systems software as an art form in 
itself. | also include writing systems software 
for my pet projects in musical applications 


of computers, sophisticated games, and 
some experiments in the exploration. of 
artificial intelligence concepts. In the 
ridiculous category, | include such mundane 
tasks as trivial games, income tax calcula- 
lions, personal mailing lists of friends and 
relations, etc, The point about Pascal to be 
made here is that it is a language well adapted 
to the utility of computing, whatever your 
personal definition of utility is, In the range 
of applications | expect that the Pascal 
approach to structured, sclf-documenting, 
machine independent code will suffice with 
only an extremely rare necessity to resort to 
ad hoc kluges in the name of time or memory 
space efficiency. 

From general reading | knew that a Pascal 
compiler was available and easily transferable 
to new machines through the use of the 
technique of "P-code" intermediate language 
representations, This availability throughout 
the academic world was one of the reasons 
for the spread of Pascal, for it is one thing to 
extemporize about the virtues of a represen- 
lation and another thing to be able to 
actually write and examine the properties of 
code in that representation. Since the 
original Pascal compilers from Jensen and 
Wirth et al in Zurich were written in Pascal, 
producing a P-code intermediate language 
output file, the task of making the compiler 
run on a totally new machine architecture 
was reduced to a relatively simple task of 
writing an emulator for the hypothetical 
"P-machine"" which executes “P-code" as its 
machine language. 

What | did not know at the time of my 
earlier comments in these pages is the extent 
to which that P-code technology had already 
been applied Lo small computer systems, in 
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Basic for Processor Tech- 
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Developed by Micro- 
soft" the industry leader in 
microprocessor languages, 
and fully debugged and 
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descriptive error messages, 
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read tapes written in PT's 5K 
and Extended Basic. This 
allows you to use all your pre- 
viously developed programs. 
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tape with full documentation. 
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information. 
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particular through the work of the people at 
the University of California at San Diego 
(UCSD), The UCSD Pascal project has 
created a nearly machine independent low 
cost operating system which includes Pascal 
as the principal high level language, all the 
usual disk filing system features, support of 
high resolution bit map graphics including 
user definable font storage for the character 
Set, an advanced cursor oriented text editor, 
and interactive. compilation and editing 
features. All the systems software in this 
package is written in Pascal with the ex- 
ception of the P-code interpreter and asso- 
ciated detail hooks to the hardware. 

The hardware dependent core has alrcady 
been implemented and is readily available 
for LSI-11, 8080, Z-80 and 8085 processors. 
(The cost is only $200 for individual orders, 
with UCSD quoting a $10 royalty per copy 
to manufacturers distributing systems in the 
highest volumes.) At this writing, in the 
small computer arena, three systems are 
available which come with UCSD Pascal 
as a key feature: an LSI-11 system packaged 
by Terak Corp and heavily used at UCSD, 
an 8085 processor in a elegant wood finish 
package with dual floppy drives manu- 
factured by Northwest Microcomputer 
Systems, and a compact 7-80 system with 
dual floppy disks manufactured by Altos 
Computer Systems. Individual users who 
have 8080 floppy disk systems with the 
CP/M operating system and enough main 
memory get a floppy disk to bootstrap 
UCSD Pascal. 


A Serendipitous Result 


The nature of the implementation of 
Pascal compilers, and the UCSD Pascal in 
particular, leads to an important byproduct: 
by simply using the UCSD Pascal compiler 
as the mode of expression of applications 
programs to be published, it is possible to 
provide a compact, machine independent 
representation of programs which greatly 
simplifies the N-representation problem for 
the independent software distribution house. 
The intent of discussing this serendipitous 
result in print at all is to show the way in 
which such independent software houses can 
indeed solve one of the thornier issues and 
provide their customers with programs 
which are compiled once yet will run on any 
one of a number of personal computer 
systems. 

What do we have which already exists in 
a form which can be readily adapted to a 
number of small computers? We have the 
work at UCSD which has produced P-code 
interpreter based systems for LSI-11 and the 
family of microprocessors inspired by the 
8080 (8080, 8085, Z-80). By the end of the 


summer of 1978, indications are that UCSD 
will also have bootstrapped the Pascal 
compiler to run on 6502 and 6800 architec- 
tures, Taking this P-code interpreter as the 
input, it is not that difficult to conceive of a 
self-contained software system which will 
run in a 16 K byte or larger personal com- 
puter system and will contain the necessary 
interactive user interfaces to load and run a 
program expressed in the P-code intermediate 
form as output from the Pascal compiler, 
but without the necessity of having the full 
UCSD system available locally to support 
local compilations. 

Ás a means of demonstrating this con- 
cept, a student at UCSD will spend some 
time this summer creating and characterizing 
a system based on the UCSD P-code inter- 
preter software for two different machines. 
This stand alone system will run in the 
typical current memory sizes of 16 K to 
24 K found in personal computers. The goal 
is to demonstrate a system which can read in 
a P-code object file (possibly in bar code or 
audio format), then execute the object file. 
[ssues to be addressed are those of designing 
the details of the program so that its machine 
dependent parts can be relocated easily, and 
so that initial patches for input/output (IO) 
conventions can be created without excessive 
mental effort, The machine independent 
part of this stand alone operating system will 
be written in Pascal. 

In principle, expanding this work to a 
greater number of processors, it is possible 
to create a set of Pascal P-code machine 
emulators which can be published once and 
only once for each common machine archi- 
tecture and personal computer manufac- 
turer's configuration, so that this "virtual 
machine" can be used by a whole family of 
independent software vendors as a larget 
machine for their wares, rather than requiring 
each software vendor to solve the N-machine 
problem separately. By inexpensively pub- 
lishing the code of the P-machine emulators, 
we hope to help kindie both an interest in 
Pascal as a source language and a chain 
reaction of simplification in the software 
conventions which must be addressed by 
independent software vendors. Only time 
will tell whether or not we accomplish this 
goal. 


A Solution to the N-Machine Problem 


Given the existence of such inexpensive 
standard emulators for the P-machine which 
executes P-code, a number of beautiful 
effects become evident for the distribution 
of application and systems software among a 
large number of users. 

First, since P-code is conducive to use of 
Pascal as a source language, there will be 
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a trend toward use of Pascal to express 
algorithms — a result which is laudable on 
the abstract and practical grounds of Pascal’s 
beauty as a self-documenting and structured 
representation of programs. (We already see 
this trend with respect to BYTE articles 
presently queued for publication in the near 
future.) 

Second, the N-machine problem of distri- 
bution is solved by the device of using the 
P-machine emulator for each of N-machines 
as the only machine-specific program, and 
widely publishing the emulators at as low a 
cost as possible. 

Third, the P-code object code form is a 
semantically compact representation which 
in fact minimizes the number of bits neces- 
sary to communicate a program to the 
system which the end user employs. (Yet it 
maps directly into the source code expressed 
in Pascal as part of the documentation of the 
program product in place of flowcharts or 
other devices.) This consideration is impor- 
tant to the relatively slow 1O devices such as 
FM subcarrier broadcasts of programs, 
printed bar code copy of programs, audio 
channel recording of programs, phone 
network transmission of programs, or silicon 
real estate of read only memory parts (as 
inspired by Texas Instruments’ SR-59 
“Solid State Software” and hinted at by 
every other semiconductor manufacturer 
interested in distributing computers at retail). 


Why Not Publish Machine Readable Source 
Code Instead of an Intermediate Language 
Representation? 


The intention of this argument is to 


provide a way for compiled code to be 
distributed for use with systems which have 
diverse microprocessor architectures and 
detail implementations, A key to publishing 
software inexpensively is the requirement 
that every detail copy of the software pub- 
lished be identical. Further, a certain defini- 
tion of the "lowest common denominator" 
of the set of systems is required. 

One way of publishing which is guaranteed 
to be amenable to a wide variety of detail 
representations is to publish the machine 
readable source code of software, But the 
sheer volume of the code for a well docu- 
mented source listing argues for a way 
which is more economical of the user's time 
and energy. By publishing the machine read- 
able but machine independent intermediate 
language object code compiled from a 
printed source listing (also part of a product), 
the executable representation can be loaded 
into the machine much more quickly; for 
program representations in read only memory 
which are mass produced, an intermediate 
code representation is also favorable because 
of compactness relative to source code. 

To summarize, the intermediate language 
approach provides the benefits of machine 
independence coupled with the compactness 
of representation inherent in the usually 
machine dependent object code for a partic- 
ular architecture. (The negative side of using 
a machine independent representation is of 
course the time overhead of the required 
low level interpreter. But for a well done 
intermediate language interpreter, we would 
expect this penalty could approach a mere 
2:1 versus a typical 20:1 or worse penalty 
for direct interpretation of the source code.) 


M9900 CPU- 16 BIT MINI for the S-IOO BUS with PASCAL 


The M9900 CPU brings the most powerful single- 
chip processor available today—the TI TMS9900— 
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Loader, Text Editor, and Interactive Debug. The 
powerful Pascal compiler is only $150 more. 
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Some Notes About Pascal... 


As this issue was being prepared, d 
number of interesting bits of information 
became available: 


è Ken Bowles reports that one associate 
of the UCSD Pascal project is using the 
microcomputer bused Pascal which the 
project has created in order to write a 
P-code optimizer in Pascal The 
writing Of an optimizer program is not 
in itself particularly noteworthy, but 
the tact that this optimizer is being 
written for Pascal compiler output ota 
Cray-1 computer shows ample evidence 
of the relative machine independence 
of Pascal techniques. Here we fine the 
LSt-77 based Terak machines at UCSD 
(typically a fully loaded LSI-1] with 
keyboard, bit map graphics, one 
Hoppy drive) being used 1o write, 
debug and check out programs tor one 
of the world’s largest and fastest com 
puters, the Cray-1, (How tast? Fast 
enough so that light speed propayation 
limits in the wires become a nontrivial 


consideration in the physical design of 


the machine.) Yet the Cray-]. uses d 
dialect of Pascal for systems program- 
ming, and even has a FORTRAN 


compiler which uses P-code us its inter- 
mediate language. 


We note that even the US Detense 
Depurtment likes Pascal as a replace- 
ment for such monstrosities us 
JOVIAL. Two contracts for further 
language design efforts on the "Steel- 
man” phase of the search [lor a 
“DOD-1” language definition have just 
been announced, with Intermetrics tte 
and Honeywell-Bull being finalists in a 
language desiyn competition bused on 
preliminary proposals. Much of the 
content. of this language definition is 
expected to be inspired by Pascal, even 
if it is not a proper superset ol the 
language. 


From the industrial side, Lexus Instru- 
ments Inc has a version of Pascal 
which is supported for the 990 series 
of minicomputers, where "supported" 
means that it is available tor use with 
their disk systems, marketing people 
are pushing it at seminars tor 990 
svstem users, and a comprehensive 
manual describing the system is 
available. The 990 series of minicom- 
puters of course includes the micro- 
computer version of the processor, 


which is te £MS-9900, und is one of 
the fogicul choices for a serious home- 
brewer or designer of u custom micro- 
computer system which must use a fair 
amount of complicated software. The 
990 version of Pascal is probably a 
little too expensive for the individual 
fo purchase, but it represents a very 
good investment for a commercial user. 


Finally, us we went to press with this 
issue in nmndd-May, a stundards conter- 
eee, called by Ken Bowles, was 
scheduled for mid-July at San Diego. 
lffendauce was expected from the 
worldwide Pascal community, as well 
as representatives of major industrial 
concerns, with the intent of detining a 
set of “standard extensions to the 
Pascal language olf the fensen-Wirth 
reporte We expect fo have some 
comments ini future issue about the 
mujor points covered in that standards 
cumerence. (Of course, the reason for 
standards must. be properly under- 
stood: a language standard provides a 
reference so that any implementer can 
flag users about how his particular 
saiem deviates from the standard. 
This philosophy is seen throughout 
computer technology in areas as 
diverse as character sets for terminals 
and FORTRAN IV compilers which 
use die ANSI standard model. A Pascal 
standards consensus. already. exists in 
the fensenm-Wirth report published by 
Springer: Verlag, and ihe purpose of 
ihe contvrence is to define an exten- 
sions set thut. covers te superset of 
ihe original language necessary to 
enhance the practicality of the lan- 
guage in real world situations.) 


Pascal is one of the most exciting devel- 
opments wih respect to personal computing 
we fave seen du recent years. The small 
computer is finully yetting to a point where 
the prolessionully oriented individual can 
attord fat the price of u typical new auto- 
mobile] à computer wiih some of the most 
advanced sodiware development character- 
istics possible in. today's computers. Just as 
a crunk starter can get the engine going on 
an automobile, BASIC and assembly lan- 
guage cun indeed be used to program com- 
puters. But if one really wants to use an 
uutomobile conveniently, an ignition switch 
and electric starter. ure now considered 
essential, The moral of this little simile is 
that Pascal is the electric starter of the 
computer world m 
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Continued from page 48 


interested in becoming members should 
write to Patrick at POB 7162, Los 
Angeles CA 90022. 


Association of Small Computer Users 


An association of users and potential 
users of small computers has been 
formed to provide "a new source of 
unbiased, user oriented information” on 
the minicomputer and microcomputer 
market through available publications. 
The membership fee is $25 per year, 
which includes a year's subscription to 
the association's bimonthly newsletter, 
interactive Computing, a year's sub- 
scription to Minicomputer News, and 
two feature reports from  Datapro 
Research Corp, AH About Small Business 
Computers and User Ratings of Mini- 
computers and Small Business Com- 
puters. |n addition, members will be 
eligible for reduced rates on selected 
publications. Additional information 
can be obtained by writing to the 
Association of Small Computer Users, 
75 Manhattan Dr, Boulder CO 80303. 


G2c3 Computer Group 
G2C3 has been formed in Mobile 


AL by a group of personal computer 
users. They meet the first Wednesday 


Cartoon by Manuel D Juan 


of every odd numbered month. Anyone 
in the Gulf Coast area is invited to join. 
Present membership ranges from novices 
to established professionals, ensuring 
a wide variety of subjects for discussion. 
Members often bring their computers 
to these meetings for demonstrations 
and presentations on their building 
techniques. For the location of the 
next meeting and additional infor- 
mation, call (205) 478-1777. 


6800 Users Group 


A 6800 Users Group has been formed 
for the Dallas and Forth Worth TX area. 
It meets on the third Thursday of each 
month at 7 PM at 1220 Majesty, Dallas 
TX. All parties interested in attending 
are cordially invited to do so. Varied 
topics of interest to users af the 6800 
systems along with tutorials in assembly 
programming are discussed. 

Also of interest to users of 6800 
systems is the group's "Ask the Chips" 
feature, where any questions or com- 
ments concerning the 6800 are presented 
and discussed during the meetings. 
Worldwide users may correspond at the 
address listed below; the group will make 
every attempt to respond with solutions. 

For further information contact 
Charles A Matz, 4114 Avondale, Suite 
2, Dallas TX 75219, or phone evenings 
(214) 522-7130. 


Designing Structured Programs 


Structured programming is an attempt to modernize software develop- 
ment and to reduce the side effects that divert so much programmer 
time from actual programming. The use of structured languages like 
Pascal promotes good programming techniques. 


Chip Weems 

Dept of Computer Science 
Oregon State University 
Corvallis OR 97331 


In the early days of the computer indus- 
uy, the most expensive part of owning a 
computer was the machine itself, OT afl the 
components in such a machine, the memory 
bank was the most costly because uf the 
number of parts it contained, Early compu- 
ter memories were thus small: 16 K bytes 
was considered large and 64 K bytes could 
only be found in supercomputers. All of 
this meant that programs had to take advan- 
tage of what little space was available. 

On the other hand, programs had to be 
written to run as quickly as possible in 
order to make the most efficient use of the 
large computers. Of course these two goals 
almost always contradicted each other, 
which led to the concept of the speed 
versus space tradeoff. Programmers were 
prized for the ability to write tricky, effi- 
cient code which took advantage of special 
idiosyncrasies in the machine. Supercoders 
were in vogue. 

Fortunately, hardware evolved and be- 
came less expensive. Large memories and 
high speed became common features af most 
systems. Suddenly people discovered that 
speed and space were no longer important. 
In fact the roles had reversed and hardware 
had become the least expensive part of 
owning a computer. 

The costliest part of owning a computer 
today is programming it. With the advent 
of less expensive hardware, the emphasis 
has shifted from speed versus space to a new 
tradeoff: programmer cost versus machine 
cost. The new goal is to make the most 
efficient use of a programmer's time, and 


program efficiency has become less impor- 
lant — it's easier to add more hardware. 

There are some important observations 
that should be made concerning modern 
programming. First, the majority of the cost 
involved with a particular program centers 
on maintenance and revision rather than 
initial development. For example, an average 
program may take three working months to 
write but can have a lifetime of up to ten 
years or more, during which dozens of 
changes may be needed. These can easily 
add up Lo several years of labor. 

It is also interesting to note that the 
largest portion of the time spent in revising a 
program is tied up in analysis of the existing 
cade by the revising programmer. This is the 
lime needed for the programmer to break 
into a piece of code. 

Even in the development phase, the largest 
portion. of time is not usually spent on 
designing or coding, but on debugging. 
The actual programming takes up very little 
of a programmer's timc in comparison to all 
of these other program side effects. 

Unfortunately, although hardware has 
evolved rapidly, software techniques have 
not followed suit to the same degree, since 
the first high level languages were intro- 
duced. Witness that two of the most popular 
languages in use today, FORTRAN and 
COBOL, are relics of the late 1950s. 

Structured programming is an attempt 
lo modernize software development and to 
reduce the side effects that divert so much 
programmer time from actual programming. 
The main thrust of structured programming 
is to shift the emphasis of the development 
phase to careful design in order to reduce 
debugging time and increase program organ- 
ization, In addition, special coding tech- 
niques make programs easier to revise. The 
use of structured languages, such as Pascal, 
makes programs more reliable by permitting 
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compilers to build more self-checks into the 
programs they generate. 

This sounds like salvation to companies 
which have to hire expensive programmers 
and analysts, but what does this extra effort 
do for the personal computer enthusiast? 
Consider that the development of the 
personal computing industry has paralleled 
that of the entire computer industry, but in 
miniature. Early personal computers were 
small and speed versus space was the most 
important factor. As costs came down, 
however, larger memories and higher speeds 
in processors became common. Programming 
is a spare time operation for many personal 
computer experimenters; structured pro- 
gramming can help to optimize the pro- 
grammer's use of this valuable commodity. 
The difficulty comes in changing old habits 
and using self-discipline. 

There is an anomaly present in the per- 
sonal computing industry: fourth genera- 
tion hardware is the rule rather than the 
exception, but experimenters are still using 
software, such as BASIC and line oriented 
editors, which is based on 15 year old designs 
left over from the second generation of com- 
puter hardware. 

We have a chance to learn from the 
mistakes of the mainline computer industry, 
where people have been digging their way out 
of the second generation for several years. 
We have a fresh, new chance to do things 
correctly. 


Structured Techniques 


Structured programming is a collection 
of coding and design techniques that guide 
programmer efforts into the production of 
organized, well formed, reliable programs. 
Unfortunately, this miracle can only come 
to pass if the techniques are used properly. 

Structured techniques are often referred 
to as being top-down in nature, This classi- 
fication is really misleading since, in actual 
practice, both top-down and bottom-up 
methods are used. Top-down techniques 
refer to methods which begin with the 
overall problem to be programmed and, 
through successive steps, break it down into 
smaller, more workable — subproblems. 
Bottom-up methods take the opposite 
approach by starting at the detail level 
and concatenating small units to form 
larger units, repeating the process until the 
solution for the entire problem is formed. 
This is the building block approach. 

Program development is broken into two 
phases by structured techniques: design and 
implementation. During the design phase, 
which is the emphasized portion, the 
methods used are primarily top-down in 


nature. The implementation phase, however, 
uses mostly the bottom-up approach. 

Analysis of any problem is most logically 
done in a top-down manner. No one would 
try to solve a word problem in algebra by 
taking a group of mathematical symbols 
and trying to fit them together in the hope 
that an appropriate formula will appear. 
Such a formula would probably solve only 
a few special cases or, if it were general, 
would probably contain several extrancous 
terms. Even so, this is exactly what happens 
when people write programs in a bottom-up 
style, starting out by writing code and not 
considering the overall design until later. 

Our first rule in structured programming 
thus is: sit down at the beginning and analyze 
the problem in a top-down manner. Break 
it down into smaller portions so that ihe 
overall organization remains clearly visible. 

This is the guiding philosophy of the 
entire design process, the end result of which 
is a properly coded program. The major 
techniques used here are stepwise refinc- 
ment and stepwise decomposition. It should 
also be noted that this process is not purely 
top-down in actual use. The experienced 
programmer knows what is possible and 
what is not. Such a programmer employs a 
form of look-ahead along with the top-down 
techniques in order to avoid impossible 
designs. Possible coding schemes are con- 
stantly being considered while the design 
is under development. Properly used, this 
technique can be a valuable evaluation tool 
and can greatly speed up the design process. 
The important point is that such a pro- 
grammer should not get so involved in 
coding that the top-down approach is com- 
pletely abandoned. 

Implementation is best done through 
bottom-up techniques. Going back to the 
algebra problem, we can see that, once we 
have a well written formula, it would be 
illogical to try to plug in all of the numbers 
and do all the computations at once. The 
best approach is to start with single com- 
putations, verifying cach one, and build on 
them until a solution is obtained, 

Once the design is completed, the inde- 
pendent, bottom level program modules are 
implemented and tested first. Higher level 
routines are built using these subroutines 
until the program is eventually constructed 
and the final verification takes place. 

Surprisingly, careful design and imple- 
mentalion in this form does not take consid- 
erably more time than program development 
using the older approaches. Some restraint 
on the part of the programmer is needed, 
but once the results are seen, it's hard to 
imagine why anyone would want to con- 
tinue using the old, unorganized methods. 
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id SOFTWARE 


CP/M™ OPERATING SYSTEM: 

€ Includes Editor, Assembler, Debugger and Utilities. 
è For 8080, Z80, or Intel MDS. 

® For IBM-compatible floppy discs. 

e $100-Diskette and Documentation. 

e $25-Documentation (Set of 6 manuals) only. 
MAC'" MACRO ASSEMBLER: 
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TEX™ TEXT FORMATTER: 
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Now that we have a feeling for what 
structured programming is, let's take a close 
look at some of the techniques mentioned 
earlier. 

Stepwise refinement is a top-down 
approach to program syntax. The concept 
of refinement refers to the language used to 
describe the solution being programmed. We 
start with some very general statements 
about what the program or routine is sup- 
posed to do, then work down through 
several levels of specification using more 
detailed language at each new level as shown 
in figure 1. 

The end result of refinement is a coded 
version of the program or module. In order 
to apply refinement, it is necessary to have 
previously specified (at least in part) how 
the program is to be broken down func- 
tionally. Another technique, called stepwise 
decomposition, is responsible for deter- 
mining how the program is split up. It will 
be examined later in this article. In general, 
refinement takes place simultaneously with 
decomposition, but is usually one or two 
steps behind with regard to level. 

Completely different from the end result 
is the goal of stepwise refinement, which is 
to reduce the complexity of program devel- 
opment by organizing it into a sequence of 
manageable steps through the establishment 
of stable levels of complexity during the 
design. Once each new plateau of com- 
plexity is reached, work can begin on 
developing the next plateau. This is similar 
to the way a mountain climber scales a peak: 
a series of base camps must be established, 
each one providing a jumping off point for 
the next day's climb and, in the event of 
failure, a safe haven to return to for the 
night. No one would consider climbing 
Everest in one unbroken effort. There's 
simply too much mountain there to do it all 
at once, 

Amazingly enough, many programmers 
still attack mountainous programs with a 
single effort approach. But there's simply 


SPECIFICATION 
PSEUDOCODE 


Figure 1: Stepwise refinement of problem. 
We begin with the high level goal statement, 
which contains few details. As we step down 
through each lower level, more details are 
added until, at the fourth level, we have a 
coded program or module. 


too much information in a large program: 
the human mind can't absorb it all at once. 
Even though the resulting program may run, 
its own author probably couldn’t explain the 
whole thing and certainly would not be able 
to guarantee il to be error free, 

How many levels are needed in the devel- 
opment of a program? This depends on the 
size and complexity of the program, but in 
general a minimum of four levels is required. 
These levels are the goal, specification, 
pseudocode and code levels. 

When vou decide to write a program, the 
first thing you should do is write down the 
goal you have in mind for that program. If 
you can’t write the goal in words, you prob- 
ably don't have a clear enough picture of 
what you want to do in order to wrile à 
program. 

Once you've written the goal, step back 
and take an objective view. Is it too broad, 
too grandiose, too narrow, too simple? 
Writing, “This program will be used to bal- 
ance my checkbook," is one thing, but, 
"À program to keep track of cash flow 
through the entire household," is a com- 
pletely different matter. The first could be 
written for a programmable calculator, the 
second involves establishing a complete data 
base system. 

A great deal of frustration and disap- 
pointment could be saved just by writing out 
the goal and examining it. For a roulette 
game, a well written goal might read as 
follows. 

"This program will simulate the game of 
roulette as played by Monte Carlo rules. It 
will permit up to five players to bet at one 
time and will use a free form input scheme 
to simplify the betting process.”’ 

In the first sentence, the main goal has 
been specified and some secondary points 
have been put down. Note that the goal is 
nol Loo specific, since the details are sup- 
posed to be held off until the specification 
level. As stated, this program is reasonably 
difficult, but not impossible. 

Alter a satisfactory goal is set, then 
comes the specification, which is broken 
into three parts: input, output, and strategy. 
Most good programmers have at least once 
made a statement something like, "If you've 
got a complete description of what comes 
into and what goes out of a program, the 
rest is just adding what runs in between." 

Writing a program is, regrettably, not that 
simple, but it would be much more difficult 
to wrile it without knowledge of just how 
the input data will look or what the output 
is supposed to be. The specification level 
provides this and permits us to jot down 
some rough ídeas about how the processing 
will take place. Table 1 is one possible 


example for the roulette program. 

Obviously, this is not a complete descrip- 
tion of the IO, but it is reasonably good. If 
we were aciuallv writing this program, the 
specification would be more detailed and 
several examples would be included. Similar 
items that can appear in the IO description 
are card layout lorms, disk file formats, 
record descriptions and so on. If this were a 
subroutine, our [O specifications would also 
describe the parameters passed to and from 
the calling routine. 

The strategy is important here, since this 
is really the second level of the process 
refinement. Note that there are no system or 
language dependent  stalemenis in the 
strategy. We should be able to take any task 
from the specification level of a program 
description and implement it on any system 
(with enough resources} without having to 
change the way we have written it. 

Once again, step back and examine what 
has been done. [s the strategy too detailed, 
is there enough detail, is it dependent on 
special system or language features, is it too 
complex? The last item is important: if the 
answer is yes, the problem has not been 
properly decomposed, We must go back to 
the decomposition and reexamine how we 


Input: 

Initial number af players: integer between one and five inclusive. 

Player names: string truncated at 15 characters. 

Yes/no answers. strings truncated to one character. 

Bets: string up ta 72 characters long of form: integer number bet value on bet 
keywords, All extraneous words and symbols are ignored. Instead of a ber, the 
special keywords quit and pass may be input. 

Bet keywords: numbers separated by commas. 
12H, 12M, 12L (dozens) 
12A, 12B, 12C (columns) 
low, high thal fs) 
odd, even 
red, black 


Output: 
Number of players question. 
Players name requests. 
Instructions needed question. 
Instructions. 
Bet requests. 
Results and winnings statements. 
Bet error messages. 
Goodbye message. 


Strategy: 

After the startup sequence, go into a loop to input the bets. Process each bet by 
scanning through the suing looking for quit, pass, or digit. Set the quit or pass 
flags if either is found and go get the next bet. If a digit, continue picking up digits 
and converting to decimal until ef is seen, then scan for keywords. Once the com- 
plete bet is processed, check for validity. Either accept the bet or print an error 
message. Select the random winning number, determine who won or lost and print 
the results, checking quit and pass flags for special action. Restart input loop if any 
players remain, else stop. 


Table 1: This is the rough sketch of the roulette game which will be used to 
develop the program. The rough sketch should define what the input and 
output of the program are going to be and the general workings of the pro- 
gram. Ht should be very general and give an overall view of the project. 
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have divided the processing. (Better to back- 
track al this stage than after we have gone 
further and = found the problems to be 
unmanageable.) 

In the next phase of refinement we try to 
gel even more specific. On large programs, 
which may need more than four levels, the 
extra levels may appear al this point. Any 
program that requires multiple pseudocode 
levels has probably been improperly decom- 
posed. A well formed program seldom needs 


Begin program. 
Ask haw many players. 
For as many players as there ure, 
Get each player's name. 
Ask if instructions are needed., 
Vf yes, output the instructions. 
While there are still any players left, 
For as many players as there are, 
Repeat until a valid bet is obtained: 
Get the player's bet. 
Scan the het. 
Check bei for validity. 
Determine the winning number. 
For as many players as there are, 
If player quit, process the quit. 
If player passed, process the pass. 
If player bet, 


Determine whether player won or lost. 


Process this accordingly. 
End program, 


Listing 1: Pseudocode for roulette program. This level of design is used to 
roughly determine what the program should be doing. It should nol con- 
cern itself with the low level aspects of the program. 


begin (*program*) 
askhawmany (players); 
for player = 1 to ("as many"! players ("as there are") do 
getname ((* ot *) player, (*into") playertise); 
askif (yes) (*instructions are needed *}; 
if yes then printinstructions; 
Dlayersleft : = true; 
while ( *there are still any *) playersieft do 
begin ('betting*] 
for player : = 1 to (*as many’) players l*are there are”) do 
repeat 
getbet ((* of* ) player, Lin?) playerist); 
scanbet (("of*) player, ("in") playerlist); 
checkbet ((* of") player, ("in") playertist, 
("to see if*) valid); 
until va/id (*bet is obtained"); 
determine (winningnumber); 
for player : = 1 to (*as many") players i *as there are*} do 
begin (*processing results") 
if quit ((*by*) player, lot") playertist} 
then processquit ("by") player, ("ol") playerlist, 
(*updating?) players, (* and") playersieft); 
if pass ((*by*) player, (*ot*! playertist) 
then processpass ({*by") player, ("of") playerííst); 
if bet ((*by *) player, ("of") piayertist) 
then processbet ("by") player, V'af* 1 olayeriist, 
(*using*! winningnumber} 
end (*processing results*} 
end (*betting*) 
end. (*program"*) 


Note: The delimiters (*and*) are used in this listing to indicate comments. Although 
the Pascal defined symbols are ( and } , most output devices do not have these symbols 
available. Therefore the parentheses and asterisks are substituted. 


Listing 2: Pascal program for the roulette game. This is the main program 
which calls many other subprograms to perform the low tevel logic. Notice 
the similarity between this program and the pseudocode of listing f. 
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more than the usual four levels of retine- 
ment, At this level we may add some system 
dependent features but we should still try to 
avoid language dependencies. Our pseudo- 
code description should thus use a wide 
range of constructs freely, since we can al- 
ways break these down into whatever con- 
structs our chosen language actually has. 
Using a wide variety of powerful constructs 
permits us to think and design more freely, 
free of the worries of particular language 
forms. 

Many people use a form of ALGOL to 
write their pseudocode, because the block 
structure of ALGOL lends itself. nicely to 
structured pseudocoding. At times, this 
ALGOL type language looks more like 4 
version of Pascal, especially if the program- 
mer is accustomed to Pascal. But the dit- 
ferences are minor because the two lan- 
guages are similar and a good pseudocuoder 
tries to eliminate. language. dependencies 
anyway. 

The pseudocode tor our roulette. game 
looks something like listing |. This is still 
at a fairly high level, but is much closer to 
being a program than the strategy was. The 
pseudocode shown uses indentation to indi- 
cate blocks rather than begin and end pairs 
as in Pascal. This provides a graphical repre- 
sentation of the structure of the program. 
When indented properly, good pseudocode 
can be used in place of flowcharts, and is 
often more easily understood. 

A good rule to follow when writing 
pseudocode is to make it understandable to 
almost anyone, including nonprogrammers. 
if you can convince someone that they're 
going to run a roulette table for people bet- 
ting vid Teletype, they will probably have na 
difficulty in understanding the roulette pro- 
gram pseudocode. This is an important test. 
If another person can successfully interpret 
your pseudocode and, using it, play the part 
of the computer without running into pra- 
blems (bugs), then it is well written. 

When the pseudocode for a module is 
completed, it is a relatively simple matter to 
flesh it out by adding the right words and 
proper punctuation for whatever language is 
being used. 

Converting our pseudocode to Pascal, for 
example, would produce something like 
listing 2. 

This is indeed a high level Pascal program. 
It takes advantage of the ways in which 
Pascal permits procedures, — functions, 
Booleans and comments to be used, in order 
to produce actual code that is not much 
lower than pseudocode. Most of the work 
done in this program is by procedures and 
functions defined elsewhere. This is 4 sign ot 
good decomposition. 


A main program should very seldom have 
to exceed more than one or two pages in 
length. If it does, it is probably too complex, 
and more of its operations should be con- 
solidated into subroutines. Breaking pro- 
grams up into manageable pieces is the idea 
behind stepwise decomposition. As | men- 
tioned earlier, decomposition is the other 
half of the design phase. Now that we've 
concluded our development of stepwise 
refinement, let's take a closer look at 
decomposition. 


Decomposition 


Stepwise decomposition is a top-down 
approach to program semantics. Using 
decomposition, we examine the meaning of 
a program segment to determine its function 
with regard to the whole program. Our pur- 
pose in doing this is to determine the com- 
plexity of the function in order to see if it 
should be further decomposed. Decompo- 
sition refers to the breaking up of program 
functions to reduce their complexity and 
increase manageability. 

The end result of stepwise decomposition 
is that all program functions will be reduced 
to a set of simple, isolated subroutines as 
shown in figure 2. Like refinement, how- 
ever, the goal of decomposition is to provide 
a Sequence of levels, like mountaineering 
base camps, which reduce the design process 
from a single, giant leap to a series of short, 
easy steps. Unlike refinement, there is no 
usual number of levels required to fully de- 
compose a program. The size and complex- 
ity alone determine how many levels of 
breakdown will be needed for a program, be 
it two or 20. The reason for this is apparent 
if we note that refinement follows a few 
steps behind decomposition. With refine- 
ment we have the advantage that we will 


LEVEL ! 
LEVEL 2 
LEVEL 3 
LEVEL 4 


LEVELS 


Figure 2: Stepwise decomposition of prob- 
fem. We begin with the entire problem, 
breaking it into smaller subproblems. This 
process is repeated through as many levels as 
needed, until we are satisfied that all of the 
resulting modules are as independent and 
primitive as necessary. Note that not every 
module has to be decomposed to the same 
depth. 
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Figure 3: Strongly connected modules. The 
broad communication paths defeat the 
purpose of separating functions into 
modules. in addition, this permits errors 
caused by program changes to propagate 
throughout the entire program. 


always be working on simple, decom- 
posed program madules which should never 
exceed a certain level of complexity. Decom- 
position, on the other hand, is used for 
breaking new trails and is applied to prob- 
lems with an arbitrary range of complexity. 

Since there are no fixed decomposition 
levels, we must have some rules that specify 
under what conditions a new level should be 
created, Because programming is not an 
exact science, our rules are not like laws that 
must be obeyed, but are rather heuristics or 
rules of thumb which guide us as we work 
through a design. 

Before we can set up these rules of 
thumb, we must consider two important 
characteristics of program modules on which 
they will be based. The first is the connec- 
tivity of a module and the second is its func- 
tional relationship. 

Connectivity refers to the number of 
channels of communication between a 
module and the rest of the program. A 
module which has many links to other parts 
of the program is said to have high connec- 
tivity, while one with few links has a low 
degree of connectivity. 

The level of internal functional relation- 
ship is a description of how the processes in 
a module relate to each other. These proc- 
esses are said to be highly related if they are 
all involved in providing the overall function 
of the module. A group of processes which 
do not contribute to the module's function 
is said to have a low functional relationship 
with regard to the module. The overall level 
of relationship throughout the module is 
called its cohesiveness. 


Now that the terms and definition have 
been set forth, let's take a closer look at 
these two characteristics and see how they 
relate to structured programming. 

Programs whose modules are connected 
by large numbers of communications paths 
are obviously more complex than those with 
only a small number of intermodule links. 
Modules which depend heavily on other 
modules, as in figure 3, are difficult to work 
with because understanding them also 
requires a complete understanding of all the 
modules upon which they depend or which 
depend upon them. This can develop into a 
chain reaction, requiring the programmer to 
design the entire program at the detail level— 
often an impossible task. 

Another negative result of high connec- 
tivity is that a change in any module can 
cause effects which ripple throughout the 
entire program. The numerous, broad com- 
munication channels do nothing to restrict 
the propagation of errors from one module 
to another. Since the goal of structured pro- 
gramming is to reduce complexity and 
errors, our design efforts should strive to 
reduce the number of intermodule connec- 
tions, as in figure 4. 

Modules are usually of two sorts: sub- 
routines (procedures and functions), or 
blocks of code within a program. They can 
communicate through shared variables, com- 
mon data areas, formal parameters, and even 
by flow of control. (Shared variables and 
common data areas produce strongly con- 
nected programs as in figure 5.) The in- 
formation communicated via these paths 
can be divided into two types: that which 
affects data, and that which affects flow of 


Figure 4: Weakly connected modules. 
Narrow lines of communication enhance 
the black box qualities of modules. They 
also serve to isolate the effects of errors to 
small sections of the program. 


Figure 5: The effect of common or shared 
data. Each module is strongly connected to 
every other module which has access to the 
data, to the point that there is very little 
isolation. Any action by any module can 
thus have serious effects on the rest of the 
modules. Note the similarity to strongly 
connected modules. 


control. The paths themselves can be of two 
forms: those which connect to a module, 
and those which connect to something inside 
a module. The various means of communica- 
tion are illustrated in figure 6. 

The level of connectivity for a path is 
determined by the complexity of the infor- 
mation communicated, the type of informa- 
tion, and the type of path. Connectivity 
would be almost impossible to evaluate, 
quantitatively, but, qualitatively, we can 
see that some types of connection are 
worse or better than others. 

To be specific, simple connections are 
better than complex ones, paths which talk 
to modules are better than those which 
talk directly to internal processes, and 
communications that affect data are pref- 
erable to those which affect flow of con- 
trol. By far the worst form of connection 
is that in which one module modifies the 
internal code of another, since this re- 
quires that the modifying module "know" 
how the subject module works at the machine 
level. Thus, any programming changes done 
to the subject would also require changes 
to the modifier. 

Externally connected paths are rated 
higher than internally connected ones, since 
at all times the entire module should be able 
to supervise any communications. Internal 
connection bypasses this and makes it im- 
possible for the module to be sure of its 
internal status at any time. Communications 
that affect the flow of control require that 
the sending module have some knowledge 


of how the receiving module works. Thus, 
pure data communications are preferable. 

In addition, data can be further divided 
into two types: broad scope and narrow 
scope data. Broad scope includes such things 
as global variables, common data areas, and 
shared data, as represented by figure 5. 
Narrow scope data is characterized by formal 
parameters passing between subroutines, 
which produce less complex connections 
since these are very specific. In contrast, 
a change made to one of the broad scope 
forms can affect all modules connected to 
it, possibly without their knowing that this 
has occurred. Broad scope data also adds 
the problem of determining which module 
is permitted to modify the common data. 
Is unanimous consent by all connected 
modules required, or do we run our pro- 
gram under a democracy? For these and 
other reasons, broad scope data can be 
problematical. 

Let's summarize what our most desirable 
configuration would be. All modules would 
communicate by passing minimal amounts 
of simple data through well defined formal 


66 


6c — 


6d 


Figure 6: Types of communication. Figure 
(a) shows simple external connection, which 
is the most desirable. In (b) we have simple 
internal connection. Figure (c) is complex 
communication. With (d) we see communi- 
cation in which one module modifies the 
internal workings of another. Lastly, figure 
(e) shows the worst type of communication: 
a complex combination of all the other 
forms. 
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parameters; in other. words, minimal con- 
nectivily. Obviously this requires that the 
modules be broken down so that each 
provides one simple, dedicated function, 
Now we're ready for a further look al 
cohesiveness. 

The relationships, which processes inter- 
nal lo a module can have with respect to 
the module. and with each other, have been 
broken down into six Classes. These are 
listed in order of weakest relationship to 
strongest. 


€ Coincidental. 

Logical. 

Temporal (or time wise). 
Communicational, 
Sequential. 

Functional, 


We can sec from oui discussion of con- 
nectivity that it is highly desirable to com- 
pose modules such that all ol the internal 
processes are directly related to the specific 
function of the module. Such processes are 
functionally — related, as illustrated. in 
figure 7 


Mi 


M4 
M2 M3 


M5 


Figure 7. Classes of relutions. The strongest 
form of cohesiveness is the functional re- 
lation wherein every process is integrally 
involved. in providing the overall function 
of the module. 


With regard. to cohesiveness, then, the 
higher the level the better. We should attempt 
to design modules such that thei internal 
processes are as strongly related as possible, 
Now let's examine. the Classes. of 
relationships. 

Coincidentally processes, shown 
in figure 8, are totally unrelated except for 
the tact that they reside in the same module. 
[his is the weakest form of relation, and any 
module composed. in this way should be 
broken apart into separate processes, 

Logically related processes, shown in 
figure 9, have no real relation to cach 
other except that they perform similar tunc- 
tions and thus get grouped together to form 
a module, Once again, this should be broken 
down into smaller modules. 


weaker 


related 


Processes which are temporally related, 


Figure 8: Classes of relations. Coincidental 
relation is shown here, in which separate 


processes are unrelated except that they 
reside in the same module. 


Figure 9: Classes of relations, Shown here is 
logical relation, in which processes ure 
grouped together because they have similar 
functions. 


Figure 10: Classes of relations. tn a temporal 


(time) relation. the similar processes can 
execute in any order, effectively in parallel. 


as in figure 10, are almost identical to 
those which ure logically related except that, 
in addition, they can all be executed al one 
time. A common example is the éastializa- 
tion routine found in many programs. Much 
of what is considered to be initialization 
by many people could actually be done 
much later in the program and could be 
distributed among the modules. 

Processes related by communication are 
those which have been grouped into a single 
module because they share data in some 
way, as seen in figure l1. [his is a stronger 


relationship, but consideration should still 
be given to breaking up such a module. A 
common solution to this problem is a master 
module which holds the data and formally 
passes it to each of the submodules as 
needed. 


Figure 11: Classes of relations. Processes 
can communicate with each other directly or 
through common data in a communication 
relation. 


Sequentially related processes, figure 12, 
are those which execute in sequence, each 
one creating data to be used by the next. 
Obviously such a module can be split apart 
and the resulting submodules called in 
sequence with the data passed as param- 
eters. This has the added advantage of 
making these elementary processes directly 
accessible to the rest of the program. 


Figure 12: Classes of relations. A sequential 
relation wherein the first process generates 
data required for input by the second, and 
50 On. 


We can again summarize what our ideal 
module will look like. It will be minimally 
connected to the rest of the program and 
will have a high degree of internal cohesive- 
ness. This means that each of our modules 
should perform one specific function and 
should not contain any extraneous proc- 
esses. In addition, they should communicate 
solely via simple, well defined, narrow 
interfaces — preferably by passing formal 
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parameters. The result is a program com- 
posed of plug-in modules that act like black 
boxes. Such a program is relatively casy 
to change, because each function has been 
carefully isolated. Modification then becomes 
primarily a matter of module plugging, and 
the effects of any new bugs will be con- 
fined to a relatively small portion of the 
program. Recall that easy program modifi- 
cation and the reduction of side effects 
were two of the major tasks we were 
trying to accomplish through structured 
programming. 

Finally, we can list those decomposition 
heuristics which were mentioned earlier 
and many of which should be apparent 
by now. 

One good technique for determining 
whether a module is sufficiently cohesive 
is to write a sentence describing its purpose. 
If the sentence fas to be a compound 
sentence, the module is probably doing 
more than one thing. Usually this will 
be obvious just by looking at the sentence. 
Incidentally, this can become the goal state- 
ment for use in the refinement process. 

Carefully examine modules which result 
in fewer than five or more than 100 source 
statements of code. This often indicates 
improper decomposition. 

Avoid initialization modules wherever 
possible. These reduce the black box qualities 
of many modules. 
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Figure 13: A module structure chart for a simple program which calculates 
the greatest height reached by a projectile and the time it takes to gel there. 
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Examine your design for duplicate 
functions. After eliminating these, if any 
duplicate code remains, it is probably 
needed, 

Watch out for modules which are called 
by or which call a large number of other 
modules. This often indicates some problem 
in the decomposition. 

Modules that perform similar functions 
probably contain duplicate subfunctions. 
If these common functions can be isolated, 
the differences can often be incorporated 
into the calling routines. 

Don't hesitate to over-decompose a 
module. It will be easy to recombine func- 
tions later, but it may require a major re- 
write if further decomposition is found to 
be necessary after the design has proceeded. 

There is one area in which structured 
programming truly shines: documentation, 
If we've done our design properly, there 
isn't any need for additional documentation. 

This may sound a bit outlandish, but 
consider what our refinements have really 
produced. The goal statement makes a very 
fine program abstract; the specification level 
provides us with a complete technical 
description, and properly indented pseudo- 
code can take the place of the program 
flowchart. By appropriately including parts 
of the pseudocode in the code, as in the 
roulette example, we end up with a well- 
commented program. Little else is needed 
except a chart of the modules and their 
connections, as in figure 13, but this we 
would have to do anyway in order to aid our 
decomposition. Once we've finished the 
design, we've also finished the documenta- 
tion and we have a running program. 

Structured programming is a collection 
of techniques that help us organize pro- 
gram development by reducing it to a series 
of manageable steps. The end result is a well 
formed, documented program which is easy 
to understand and to maintain. In today's 
busy world, the time and effort that can 
be saved by practicing structured tech- 
niques is of immeasurable valuc.& 
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simulator in the system (see Kin-Man's 
article "An 8080 Simulator” in the October 
1977 BYTE, page 70), we did not have 
much trouble debugging the run time 
routines. During March most of our time was 
Spent in refining all the routines: revising 
some features and extensions in the com- 
piler, adding local optimization capabilities 
in the translator and improving the effi- 
ciency of the run time routines. The run 
time routines, which perform all 16 bit 
integer arithmetic and logical operations and 
IO conversions, take only 1 K bytes of 
memory. 

The first step in the bootstrapping pro- 
cess was to write the interpreter in Pascal 
since it is the slowest but shortest program. 
It was coded by straightforward translation 
from the BASIC version. Debugging was 
smooth and the entire program was up and 
running within a week. Compared to the 
BASIC version, the Pascal version runs about 
15 times faster; slightly better than we 
expected. Our next step will be writing the 
translator and compiler in the Pascal subset. 
After that, further development can be done 
in Pascal without the BASIC interpreter. 
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to Your Video Display 


“Thanks for coming, Steve. !'m glad we 
were finally able to schedule this meeting. 
This problem we have is driving us crazy.” 
Fred scurried over to me in the waiting room 
and shook my hand. : 

"Let's get you signed in at guard head- 
quarters and then I'll introduce you to Ted.” 

This was the first time Fred and | had 
ever met. But his look of relief told me he 
thought | was some kind of engineering whiz 
kid. | picked up my briefcase and we walked 
to the guard's desk. The place was the proto- 
type for a blue chip company waiting room. 
Decked out with numerous perfectly 


* blended chairs and sofas, it gave the impres- 


sion of slick tastefulness, and above all 
money. Current issues of various news and 
business magazines were arranged neatly on 
the highly polished end tables. | imagined 
somewhere within the inner depths of the 
company walls a heavy walnut grained office 
door with a brushed brass plate reading 
"Customer Coordinator for Waiting Room 
Impressions.” 

My "life in a big company” fantasies were 
interrupted as | signed my name to the guest 
card. Signing my name and title was the least 
significant thing they had me do. There were 
questions of citizenship, social security 
number and sex, statements that | repre- 
sented an equal opportunity employer, and a 
list of subversive organizations to which | 
might belong. The urge to check them all 
and watch the bells and whistles go off was 
curtailed by my basic marketing instincts. 

| passed the card, which ultimately re- 
vealed more information than even my wife 
knew about me, to the guard. He frowned 
and scrutinized the card carefully. The delay 


was agonizing as he examined every detailed 
answer. 

“PH have to 
buddy," he said. 

Surely I’m no buddy of yours, sir, | 
thought to myself. | fully expected the 
frown | usually receive when my briefcase is 
inspected at airports. The inspectors thumb 
through the piles of paperwork and, upon 
discovery of an issue of BYTE, quickly 
cover up this unusually titled magazine and 
gulp an embarrased "Next!" Much to my 
surprise the guard seemed uninterested. 

“OK, here’s your visitor’s badge. Remem- 
ber, you have to be escorted at all times,” he 
said, and whisked me away with a sweep of 
his hand. 

Fred appeared relieved. | was now on the 
inside and hoped | could help alleviate his 
urgent problem. 

“OK, Fred, what's your problem and how 
can my company help you?" This was a 
basic marketing question for our type of 
business which specializes in technical solu- 
tions through custom electronics — which 
really means providing engineering con- 
sulting to companies who have become em- 
broiled in political debate over the latest 
in-house technical fiasco. 

"We'll get to Ted's office in a few seconds 
and l'Il let him explain. Basically we need a 
black box.” 

Before | could get the functional require- 
ments from Fred, we arrived at Ted's office. 
Being introduced to Ted as "director of 
marketing" elicited a certain degree of re- 
spect, because in his company this was a 
vice-presidential position. Ted motioned me 
to a seat at his mahogany conference table 


inspect that briefcase, 


near the window overlooking the company 
golf course. After asking how we wanted our 
coffee, he stated in a very businesslike man- 
ner, "| presume Fred has filled you in on the 
problem?" 

Fred jumped in before | could answer, 
"I'm sorry, Ted, | haven't had a chance to." 

Ted stood up, rotated his body 90 de- 
grees and pointed to the video display ter- 
minal in the corner. “That’s my problem! Or 
rather the computer types downstairs who 
program it!” 

| looked at the display. It was a standard 
graphics terminal similar to those available 
from several manufacturers. 

Ted continued, “Programmers program 
computers for other programmers! They 
never think of the user. | drag that terminal 
to board meetings so we can review market- 
ing figures, and | spend half my time enter- 
ing 8 digit passwords, hitting escape and con- 
trol keys to select options, and answering 
endless quantities of mindless interrogation.” 
Ted was getting a little hot under the collar. 
“Time is money in those meetings and here 
in my office. | don't want to spend all day 
playing true confessor with a computer! Its 
function is to display information and that’s 
all the interaction | want.” 

Ted’s problem was not unusual. Where a 
program requires that the next entry be a 
control R, one had better type a control R. 
In higher level systems operators need all 
kinds of cross reference manuals to commu- 
nicate in the different languages. 

"Look," Ted turned on the display and 
typed the log-on password and terminal 
identification. Various options were dis- 
played. “This is what | mean. If | want one 
of these options, | have to type a 5 digit 
code, wait to give a particular file number 
and then some other code." 

As displays flashed on the screen | 
couldn't help but offer the obvious ques- 
tion, “Ted, why can't your programmers 
just change the software to allow single or 2 
digit entry?” 

"That would be fine if the software 
weren't already written. We're talking about 
millions of dollars worth of software and I'm 
using only a small portion within a large 
operating system. | want to be able to 
choose what | want simply.” 

Ted needed a “black box” and he knew 
exactly what he wanted. 

"| want something to replace this key- 
board for the limited specific application of 
menu selection and display. Put a log-on 
button on it. When I press log-on it will send 
whatever information is necessary. The user 
should know only that he or she has to log 
into the system—that’s all. Next, give me a 
key that will send the necessary message to 
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IF QUALITY IS FOREMOST IN YOUR REQUIREMENTS 
WE ARE PROUD TO OFFER THE HIGHEST QUALITY 
DISKETTE DRIVE FOR THE FAIREST PRICE 


FROM THE SAME PEOPLE WHO DEVELOPED THE FIRST 
INNOVEX DISKETTE AND DRIVE IN 1970 


INNOTROHICS CORPORATION DEPT D 
BROOKS ROAD 
LINCOLN, MASSACHUSETTS 01773 
Tet. (617) 259 0600 


The " 
"Blue Box" 


IDS MODEL 60 MODEM AND TERMINAL 
INTERFACE POCKET ANALYZER 


voltage-sensing LED's. 24 
miniature switches allow iso- 
lated testing and observation 


; TOW of all signals. Mini-jumpers 
Our Model 60 is called ''The included for cross-patching 


Blue Box'' by thousands of ; HET 
users. This compact unit and signal monitoring. Sturdy 


acks the most testing capabil- ; : 
hy per dollar. Pinpoints the case, is battery powered, reg 
source of trouble between the 
Modem and Terminal. Pro- 


vides access to all 25 lines of M INTERNATIONAL 
i) DATA 


10 oz. unit has hard plastic 


ular or rechargeable. Im- 
mediate delivery. 


the EIA RS 232 interface. Has 
12 monitoring LED's plus two 


100 Nashua SL, Prov., R.I. 02904. Tal.(401) 274-5100 TWX 710-381-0285 


SCIENCES, INC. 


EXPORT EMEC. BOX 1285, HALLANDALE, FLORIDA 33009 
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Circle 136 on inquiry card. 


And now...a few 
well chosen words from EMM 


256 words on one chip, to be exact. With TTL compatible 
inputs and outputs, a 400 ns maximum access time, 


and needing only a single +5V power supply to func- 


tion. It's a small memory system in one standard 22-pin 
DIP, with multi-sourced pin-out, And it's available for 
off-the-shelf delivery. Now. 


Get the latest word on the EMM SEMI 3539 256x8-bit 


static RAM from any EMM SEMI sales office or 


distributor. 


Or call us today. 


EMM semi inc. 


A subsidiary of Electronic Memories & Magnetics 
3883 N.28th Ave., Phoenix, AZ 85017 (602) 263-0202 


i 


ELECTRONIC CONTROL TECHNOLOGY 


FACTORY ADDRESS: 
763 RAMSEY AVENUE 
HILLSIDE, N. J. 07205 
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16K RAM 


FULLY STATIC 


Kit $350 


10 SLOT MAINFRAME 
TT-10. . KIT $325 
10SLOT TABLE TOP 
MICROCOMPUTERS 
TT-8080. .KIT $440 
SYSTEM WITH 16K & 1/0 
TT-BO0BO-S.. KIT $1050 


CARD CAGE & 
MOTHER BOARD 
ECT-100.. KIT $100 
CCMB-10. .KIT $75 
WITH CONNECTORS 
& GUIDES 

ECT-100-F KIT $200 
CCMB-10-F.. KIT $125 


CPU'S, MEMORY 
MOTHER BOARDS 
PROTOTYPING BOARDS 
EXTENDER CARDS 
POWER SUPPLIES 


SHIPPING EXTRA 
DEALER INOUIRIES INVITED 


MAILING ADDRESS: 

P.O. BOX 6 

UNION, N. J. 07083 

(201) 686-8080 


Circle 120 on inquiry card. 


get into the menu programs | use and then I 
can select the options by number, You send 
any other messages that are necessary." 

Ted was not discussing the usual black 
box. He was promoting the idea of intelli- 
gent rather than dogmatic communication 
with the computer. A person at this level 
in the corporate structure could not be 
expected to maintain the code word and 
syntax library of the average programmer 
downstairs. What he wanted was only log- 
ical. | left the meeting with the feeling that 
here was a man who also realized it was time 
to fight rather than conform. 

Perhaps if computers were programmed 
less for interaction with computer peripher- 
als and more with the human operator in 
mind, people would be less afraid of them. 
Ted's application was specific and repetitive 
but he was still burdened with the general 
system protocol. In a company that prob- 
ably had a thousand programmers generating 
software, his cry to change everything to 
allow simple input and output (IO) for his 
application would be fighting an uphill 
battle. He knew this and also realized that it 
was easier to change it at his end. 

We would make Ted's black box for him 
and it would solve his immediate problem, 
but what of the future? 

Do your computer input devices limit 
you? Many personal computer systems have 
this problem. 

Consider a simple program to teach your 
child mathematics. Such a program in its 
least complicated form might involve a mul- 
tiple choice and printout something like this: 


4x8 - 28, 30, 31, 32, or 35 
The right answer is? 
Most BASICs would require typing 32 and a 
carriage return. Don't forget the carriage re- 
turn! Remember, you have to conform to 
the input protocol of the BASIC. 

Now, before | explain what I'm driving 
at, let me give another example. Say you 
want to use your system for a home manage- 
ment application, such as putting together 
a shopping list. You could list out the fol- 
lowing on the screen: 


1. Milk 6. Peanut butter 
2. Butter 7. Dog biscuits 
3. Margarine 8. Cheese 

4. Eggs 9. Coffee 

5. Rice 10. Tomatoes 


control P for next page 


Obviously, the number and a carriage return 
could be entered to choose the items that 
would be ultimately listed out as a shopping 
list. A few pages along in the listings, 
though, the entry data will get more com- 
plex strictly from the sheer volume of pos- 
sible choices. Most homemakers would tire 


of the complexity of such a system even 
though the concept of just choosing items 
from a list sounds simple. 

The solution is to watch the way our 
young mathematics student might react n 
when we display the expression 4 X 8 on allied 
the screen. The natural response is to point 
to the answer! 

The homemaker would appreciate using a 
system that communicates in straightfor- 
ward terms. Display a list of groceries and let 
the user point to the desired items. 


1 WU WILD LIXE TO TEST STALATED Eo DAT 


3. WU WOULD LIE TO SE A FURTHER PRINIO 


To DET- AN AT THE UP OF OLR CONE 


A New Data Input Device 


How do you point to a particular selec- 
tion on a video display generated menu? The 
computer needs to know how to interpret 
your response regardless of the input device. 
The ASCII keyboard is strictly an input code 
to the computer. There are unique codes for 
each switch on the keyboard. The computer 
doesn't know the location of the particular 
key that prints an R or a Q. It recognizes 
only a 7 bit code for these letters. If you 
don't have a keyboard on your computer, 
but want to check out some software that 
needs very little typed entry, you could use 
seven toggle switches. It would be very slow, 
but the computer wouldn't care. All it’s con- 
cerned about is that you present the code it 
wants. 

The same goes for any device attached 
to a computer. The most obvious way to 
point to a video display screen and have the 
computer understand it is to use a light pen. 
Such units have been described before in 
BYTE so | won't go into too much detail 
here (see the references at the end of the 
article). All a light pen interface does is pre- Photo 1b: Rear view of the video monitor showing circuitry mounted on two 
sent to the computer, usually in the same printed circuit boards on either side of the picture frame. 
manner as a keyboard input, a code repre- 
senting a position on the video display 
screen. This code has to be translated by 
the program from a position into an action. 
More on this later. 

But, why use a light pen? This again 
makes the operator conform more than 
necessary. 


Fingers Came Before Light Pens! 


Though not capable of the same posi- 
tional resolution as the light pen, it is pos- 
sible to design an interface that allows a non- 
contact data input. Photo 1 is a picture of 
the prototype designed to illustrate such a 
technique. |t is an infrared scanning system 
that serves as a low resolution noncontact 
digitizer. In this particular case it is mounted 
on the front of a video display to approxi- 
mate the function of a light pen, but it could 
just as easily be laid over a typed sheet of Photo 2: Display showing locations of the 256 points of the array. 


s= momo 
amm mmm c m m ee 
== ae m m a ee ee eee 
eee ee tt te sd 
Reese = eRe 
Sense nasa mmm 
ane nes asa 
ee et m 
ewan ane aSSeEaen 
ee À Án a n m mn 
-— mom mm 
m—————— Amm 
^-^" ————mm- 
—— mmm 


on 
eS 
b 
aq 
7 
* 4 
at 
ae 
an 
51 
oF 
tt 
eo 
oo 
as 
aa 


August 1978 © BYTE Publications inc 158 


COMPUTER 


INTERFACE 
4 BIT 
X ADORESS 
8 BIT 
ADORESS 
aera LATCH 
OSCILLATOR 4 BIT 
Y ADDRESS 
DATA READY 
X AND Y COMMUNICATION 
COUNTER INTERRUPTION AND SCAN 
LOGIC RESET LOGIC 
READY 
ACKNOWLEDGE 


i€4,6,11 iC3,11,8 


SIGNAL 

CONDITIONER 
1*5 VOLTS WHEN 
LIGHT PATH IS 
INTERRUPTED) 


ANALOG 
SWITCH 
32 
PHOTO 
SENSORS 


DRIVER 
42 


OPTIONAL 
AUDIO DATA 
READY 


IC 12,13,14,15 IC 16,17, 18,19 Ic 7,6 ict, 20 
Figure 1: Block diagram of the noncontuct scanning digitizer. Two rows of 16 pairs of LEDs and phototransistors are placed 


opposite each other in front of a video display. When the user breaks the infrared light beams with a finger or other obiect, a 
signal is sent to the computer giving the coordinates of the point in question. 


paper in which position coordinates could be along the horizontal (X) axis to Di5 and 
translated into usable relationships. I refer to Qis. Only one pair is energized at any one 
it as a touch panel or touch scanner for lack lime. If any of the beams within these 16 
of a better word. pairs is obstructed, the 4 bit binary code for 
that location is loaded into [C9. The scan 
Build Your Own Touch Panel continues in the Y direction in a similar 
manner and the 4 bit Y position is loaded 
The touch panel is an elaborate infrared into ICIO. If the hardware senses that some- 
scanner. There are 32 pairs of infrared light thing is obstructing an X and Y beam within 
emitting diode (LED) transmitters and re- one scan around the perimeter, it sets a data 
ceivers mounted around the perimeter of the ready flag and stops the scanner. 
screen. There are 16 on the X (or horizontal) The data presented to the computer is an 
axis and 16 on the Y ( or vertical) axis. The 8 bit word representing a 4 bit X coordinate 
resolution of such a device is therefore 16 by and a 4 bit Y coordinate. These lines are 
16, and there are 256 individual points. simply tied to a parallel input port, in the 
Photo 2 shows this grid system. same manner as all the other devices | de- 
Figure | is the block diagram of the sys- sign. The data ready bit can be read either 
tem, and figure 2 shows the detailed sche- as a single bit input on another part, or as 
matics of the system. The noncontact digi- à control line on a more intelligent inter- 
tizer is basically a hardware stepping circuit face. When the program senses that the 
that turns on each. transmitter/receiver pair data ready is high, it reads the scanner data 
sequentially and checks lo see if anything and momentarily pulses the ready reset line 
(like a finger or a pencil) is blocking the low to start the scan cycle again. 
beam. The transmitters and reccivers are on 
opposite sides ol the board, as illustrated in Use a Picture Frame 
figure 3. The lower left corner is position 
(0,0) in a Cartesian coordinale system. The The heart of the system is the LEDs and 
upper right is location (15,15). phototransistors shown in photo 3. The de- 
The hardware first turns on the pair Dg vice on the left is a General Electric LED 56 
and Qo and then sequences down the line and the photodarlington detector used with 
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+O „5Y 
HORIZONTAL D!6-03! VERTICAL BDO-OIS 


TYPICAL 
FUR B 


D24 typ CAL TYPICAL 


FOR B FOR B 


HORIZONTAL QI6-Q3 VERTICAL QO-QI5 


: TYPICAL TYPICAL 
U6 rong ME 3 FOR B 


TYPICAL 
FOR 8 


Figure 2a: LED driver and optical receiver circuitry for the noncontact digitizer. Each transmitter/receiver pair (consisting of an 
LED and phototransistor) is activated sequentially via lines A, B and C. DO end QO are turned on first, and the sequence con- 
ünues down the horizontal axis to DIS and QI 5. ff any of the beams is broken, the 4 bit binary code for that location is loaded 
into (C9 (see figure 2b). The scan continues in the Y direction and the 4 bit Y position is loaded into IC10. Any obstruction 
causes the data ready flag to be set and the scanner to be halted. 
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E NL E DC BA COMPUTER 
U y U y U U U INTERFACE 
SIGNALS 
io |9 a |5 2 16 {> so 
7408 7408 n 15 | > 8i 
F) e | | 
X ADDRESS 
7475 io 
8 6 | B? 
SEB | 
i | o 
| 
| 
l 
| 
| [ > B4 
| 
c B5 
| Y ADDRESS 
- 2 86 
(> 87 
r 
( 7» DATA READY 


ACKNOWLEDGE 
AND READY RESET 


Vs 


Figure 2b: Interface cir- Notes on figure 2 


" . 
n for e noncontact 1. All capacitors are 25 V ceramics unless otherwise specified. 

igitizer. ata presented 2. All resistors are % W 5 percent unless otherwise specified, 
to the computer is in the 3. /77 denotes signal ground. 
form of an 8 bit word ICs 16 thru 19 are CMOS devices and should be handled carefully. 
representing a 4bit X Additional LEDs on prototype unit are for testing purposes only. 
coordinate and a 4 bit Y QO thru Q31: GE LED56 infrared emitter. 

. . DO thru D31: GE L14F2 photodarlington infrared detector. 

coordinate. These lines are 


Hed to the parallel. input 
port of the computer. 


Ons 


7400 
7493 
7474 
7404 
74155 
74123 
LM311 
7408 
7475 
7475 
7400 
7445 
7445 
7445 
7445 
CD4081 
CD4051 
CD4051 
CD4051 
74121 


=o 
—- OUO 00 &t)h 


- C0 00 Co CO C3 00 00 CO INN — 00 00 OD I 


Nee ewan a 
OUO -0» 0 RON 


Table 1: Power wiring table for the noncontact digitizer. 
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SENSITIVITY 


Figure 2c: Address decoder and phototransistor signal conditioning circuitry for the noncontact digitizer. IC2 is a counter driven 
by the oscillator at upper left. When a phototransistor is activated, the SIG line goes high, activating line NL, which stores the 
4 bit address of the interrupted beam (see figure 2b). The scanner is finally halted via the CTRL line. The computer then reads 
the coordinates and reactivates the scanner. 


An industrial grade alpha- 
numeric terminal, incor- 
porating touch panel input, 
is being manufactured. For 
information contact: 


1002, General Digital Corp 
700 Burnside Av 

East Hartford CT 06108 
(203) 289-7391 


2N2222 


BQ 
SPEAKER 


*5V 


+ 
val Sags “A FEW O I&F CAPACITORS 

SHOULD BE PLACED AROUND 

THE BOARD BETWEEN +5V 
AND THE GND AS BYPASS 


CAPACITORS 


Figure 2d: Optional audio data ready signal circuit, which causes an audible beep on a speaker 
whenever a pair of beams is obstructed and sets the data ready signal. 
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Photo 3: GE LED56 light emitting diode (left) and GE L14F2 photodarlington infrared detector used to transmit 
and receive infrared light, respectivelv, for use in the noncontact scanning digitizer. 


it is the L14FZ. These units have built-in 
glass lenses and are very sensitive. A much 
less expensive though equally capable opto- 
electric pair is the H1781 shown on the right 
in photo 3. Because it has no lens, it requires 


Photo 4a: Mounting the photodarlington detectors. 
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considerably more shielding from ambient 
light, but it will work if properly aligned. | 
have checked the operation of both devices 
and recommend the lensed type if you 
intend to use the touch scanner in high 
ambient light environments. The prototype 
described here used LED56s and L14Fs. 

The frame that holds all the electronics is 
a $4 discount store wooden picture frame. 
Half inch (1.27 cm) wooden strips glued 
around the edges hold the phototransistors 
and LEDs in evenly spaced, recessed, 14 inch 
(0.63 cm) holes. This technique is shown in 
photos 4a and 4b. 

The entire assembly is attached to the 
picture frame and can be secured to the 
front of a video display. The display in these 
photos is a 12 inch (30.76 cm) surplus Phase 
4 monitor. 

One further addition to the hardware to 
aid users of the scanner is audio feedback to 
confirm that a position coordinate has been 
selected. The data ready strobe triggers a 0.1 
second beep on a small speaker. 


Calibration and Testing 


There is virtually nothing to calibrate or 
test on this unit. The only adjustment is the 


DSI . 031 

030 (15,15) 030 

D29 Q29 

Des Q28 

pa? Q27 

D26 026 

LEGEND D25 025 

Notes for figure 3 D24 024 

€ LED POSITION D23 023 

POOR. or O  PMOTOTRANSISTOR b al 
POSITION 

. Only one LED is on at D20 020 

any one time. DS aig 

. Scan rate is approxi- a SLIGHT PATH 0.8 ais 

mately four samples per OGY) XY COORDINATE pi7 (15,0) Ql? 

second, EACH POSITION Di6 Los ais 


. Tota! detectable points 


IS GIVEN AS A 
4 BIT BINARY CODE 


= 256. 


Q — w rm «x nor @ 
"T . oHoaoaonoana 
sensitivity control on the phototransistor 
amplifier. Direct sunlight or incandescent 
lights will cause saturation of the input and 
disable the scanner. The only other impor- 
tant consideration is mechanical alignment: 
the LED and phototransistor constituting 


each pair must be exactly opposite and in 


Figure 3: LED and phototransistor placement for the 16 by 
16 Cartesian coordinate noncontact digitizer. 


direct alignment, 100 REM **RESET DATA READY BIT TO START SCANNER** 
i isti i i 110 OUT 16,0 :OUT 16,255 :REM THIS IS A 10 MSEC STROBE 
The program in listing 1 is a simple 1207 'BEMCTTEST DATA HEADY SITS? 
BASIC program to exercise the scanner and 130  T=INP{2) GEM READ INPUT PORT 2 
provide the operator with an indication of 140  T-T AND 1 ‘REM MASK ALL BUT LSB 
its operational integrity. It is written in 1n ET <> ERE eee 
Micra Com 8 K Zapple BASIC. The decimal 170  D=INP(16) :REM SCANNER [8 ATTACHED TO PORT 16 
coordinates of X and Y will be output as 180 X*(D AND 240)/18 :REM MASK AND SHIFT TO OBTAIN 4 BIT X 
; 190  Y=D AND 15 :REM MASK TO OBTAIN 4 BIT Y 
your finger is moved across the scanned area. 200 PRINT X= X Y-^';Y 
This is the only routine that has to be added 210 GOTO110 


to any BASIC program to exercise the scan- 
ner. If set up as a subroutine by changing 
line 210 to a RETURN statement, the rou- 
tine will turn the scanner on when called and 
return to the main program with a value in 
variable D representing the coordinates to 
which you pointed. The main program then 
responds appropriately. 

Obviously the scanner would be more 
efficiently driven by a machine language pro- 
gram, but | feel most users will be interested 
in utilizing this device with a high level lan- 
guage. The relatively slow scan rate allows 
considerable leeway. 

Next month I'll pursue the software (in 
BASIC) necessary to drive this scanner effec- 
tively, The major emphasis will be the use of 
menus and keyboard substitutions.& 


Listing 1: Program written in 8 K Zapple BASIC to exercise the scanner. 


REFERENCES 


1. Loomis, Sumner S, "Let There Be Light Pens,” 
January 1976 BYTE, page 26. 

2. Webster and Young, "Add a $3 Light Pen to 
Your Video Display," February 1978 BYTE, 
page 52. 


Photo 4b: Mounting the LEDs. 
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JACPOT 


Listing 1: The JACPOT game, written in BASIC. [We detect a small amount 
of bias in the symbols for a winning combination, which can of course be re- 


defined arbitrarily to suit the user's fancy. . .CH] 


IUPUT O MAL-77 MU BASIC/RT-11 UV01-01 


IG REM C YRIGHT 
20 RANDOMIZE 


1977 BY EDWIN F. HASTINGS 


JU TRIE * PLEASE ENTER THE AMOUNT OF MONE Y* 
40 PRINT * yOu WISH TO FLAY WITH "5 

BO TMD UT 2 

eO al 2 0 THEN 80 


S) GU TO vU 


I 


WIT 


TO MART» * 


YOU Gt 
ASKED COR." 


THE” 


ERUKE + * 


LO TRIAD PLEASE LNIER A FOSITIUE NUMRUR.* \ GO TU 
YO PRINT 
hao PRINT * BO YOU WANT INSTRUCTIONS CY N)*; 
119 LET Ad UlletétiYSCA)2) 
1.2 10D to ^H* THEN 310 \ IF Aa un THEN LOO 
140 URINT 
PHO t BIG DP * LANDET-~--A SIMULATED £t OT. MACILUNE * 
Eno FRIHT * PLAY UNTIL YOU OR THE RANK ARF BROKE C 
i60 FRINT * WINNING COMBINATIONS ARE AS P LOUS.” 
176 FRIRT 
186 PRINT * 8080 8090 PAYS 
179 PRINT * S080 IEM FTF" PAYS 
“O00 PRINT * £080 BOBO IFM rays 
J10 PRINT * 8020 ROBO BOLO PAYS 
- PRIMI * 6U00 UOO 6900 FAY 
FRINT * SLOL 6502 6000 FAYS 
FRINT * 2 60 2 HO 2-20 FAYS 
ÉIND * JALDI CARD CALD FAYS 
RINT 7 FAFE TAFE TARL LAYS 
PRINT * ISh DISK UISK PAYS 
PRINT 7 LEM IEM | ibhH SUPRISE * 
PRANI * REC DEC PEC TAKES ET ALL” 
ERINI 
ERII * WHEN A RUESTION MARK TS FRENTE TIS RESP ONT 
PRINT " HUMHCR OP REFEATED PLAYS YOU WISI 
SINT * ^ UGMMArAND THE SIZE OF YOUR PFT.IF Y(NI WICH" 
Slag PRINT * TO STOP BEFORE YOG BREAK THE BANN SOR 
$40 PRINT * INPUT r$ ^"Q»O* WHEN YOUR BETS ARE 
460 PRINT SN PRINT 
iru LET Pl IBITI BURZ) * LET fFi-? 
iuu LET C1 o s LET C2 6 
GPO TF ue Cr THEN GEO 
400 [Tt bk) o THEN 1460 
410 GU TO 450 
420 PRINT * YOUR BETS FLEASE* s S ENFUT Clera 
PRINT 
Teo owt u THEN TF C450 THEN 1670 
TF C4 0 THEN ao 
CLT 2 0 
GO fu 510 
IKINE 7 THE BANDIT HAG 291+ YOU HAVE herd 
PRENI 
GU TU 420 
LC; PL Pina V IET B1- El eC 4 
ET v2 Glad 
GUSUI 740 
CRT AL xL 
SOSUR /40 
"ET M 
GOSUE AO 
LET AZ X2 
IF A1 9? THEN 600 \ LET Al. ^2 
IF A? 4 THEN 610 \ LET AL AL 
fh AS 7 THEN 520 \ LET A3-62 
[IF ALIAD) B1 THEN 440 
$30 ET A2 AA N LET AL AD 
540 Th AL A2 THEN 669 
Wed GO tu f1BDO 
560 1h n. Ai THEN 720 «V IF ni P THEN 6800 
^.0 bU TO PER 
SUO 1f nit THEN 11060 
670 LL T EI. Bl CEA) N LET F1-PDECCOISCA) 
FDO FKRiNT *UIH 1';iSKDA 
“lO GD T 370 
Z0 dE AIl IUHEN LIBO 
249 OU Th 1470 
S50 LLU X? 9 
AO TLE XE FN Fs LOQOORLNET Ld) 
‘au TF xI 2570 THEN "S50 
"UO PD XI 25104 TIEN 2 0 
“UO di ^4: 2312 THEN DS 
eye rk oad 7.20 THEN Uv 
MOO JE X1. 6568 THEN FOO 
Jio Li X! 6n66 THEN 710 
4720 Lb XL LUTA THEN 920 
su TP AL 1H1B THEN 716 
640 IF Xi £004 THEN 940 
550 Li X1 340 THEN #50 
ev GU TL #40 
usu 
"uno 
eu 
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Edwin E Hastings 
18 Churchill Rd 
Marblehead MA 01945 


Many states are now working to legalize 
gambling, but why wait for the bureaucratic 
process when you can start a casino on your 
own computer (for fun of course) with the 
JACPOT program. JACPOT is a simulation 
of a slot machine written in BASIC, with 
bets limited only by the constraints of your 
machine. You can lose all your money and 
then lose it again! 
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ULU N RETURN 
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m 


Ift toas JACKPOT SUHRTEOCZO SULHISS CZ) 

M YOU BROKE THE. bAHtS (YOU. NOM. HAVE 
^ TE LASE PEAVL GUE TL re 

15,50 


gappe" 


wee) 

Let B1 Hl 
Moat CL BONUS TEBE} Yau: WIN * 
Cflar ! i4CUbs OF PREC ECHR te) 
Lot 4 HKEHT HEAT 

O THEN 1470 

O THEN 1'0 

3470 


O DOLLARS. * 


t Yd‘ ht ALL TONE NO CHEBEIT 
“tr TU ^ DRINI ` BEXT hl 

"BO YOU WANT TO PLAY AGAINCY ND" j 
PIKALE) 
"T THEM 41O 


MALLOWELR, * 


NM IF Yt "N* THEN 1450 


Listing 2: A sample run of JACPOT. 


JAJACEDT | 10-MAY- 772 MU HASIC/RT-11 UOl-01 


FLEASE ENTER THE AMOUNT UF MONEY 
YOU WISH TO FLAY WiTH * 1000 


id] YOU WANT INSTRUCTIONS(Y-NDY 


BANDIT---A SIMULATED SLOT MACHINE 
FLAY UNTEL YOU OR IHE BANK ARE BROAC 
UINHING COMBINATIONS ARKE AS FOLL GUS. 

#080 BOBO TTT? FAYS 

9080 TBM vay FAYS 

8080 BOBO IEM PAYS 

BOSO BOBO 8080 FAYS 

aB00 AAGO 6800 FAYS 

$502 4002 5507 FAYS 

z-HO 7-80 Z-80 PAYS 

CARD CARD CARI FAYS 

TAFE TAFE TAFE PAYS 

MISK DISh DISK FAYS 256:1 

IBM IBM IRM SUFRISE 

PFC DEC BEC TARES IT nit 


WIEN 6 QUESTION MARR I5 PRINTEEIG RESON WITH THE 
NUMUER UF HEFEATED FLAYS YOU WISH IU MAKLs 

A COMMA ANL THE SIZE OF YOUR BET.Tr YOU WISH 

TO STOP REFORE YOU BREAK THE BANK UR YOU GU MEARE» 
(NFUT à 'O»O* WHEN YOUR LETS ARE ABRED FIR. 


THF FANDIT HAS $ iB4A7 eYOU HAVE $ 1000 


YOUR BETS FLELASE" 10»10 
TAPE 4502 WANG 
B080 BOBO Z HO WIN à 70 
HQBO0 6552 BORBU 
$507 abog 600 
CARD uOBZ0 FORD 
CARD VORO  HODU0 
AGG CARD 6502 
S080 NOBO BOU WIN $ 20 
TAPE Meo BOQ 
S500 2 BO TAFE 
IA BANDIT WAS $* 1909 YOU HAVE r£ %40 
THU BETS TE EASE? t20 
4800 ARGU ANOO WIM 3 140 
4502  AEOG loa 
ottu Ue hare 
2i-Bo LOBE 0080 
7-8G NOBO ator 
4502 nono iio 
ASO? AND eBay 
REC 5502. CARH WIN + 2OQ WITH HEC 
TAFE DOBOG Z- 
HOBO  IGBO HOBO Win * BO 


The main object of JACPOT is to play 
until you or the house go broke. The win- 
ning combinations pzy off in ratios of from 
2:1 to 256:1 and more. In more than 1600 
bets my payoff ratio has varied from 2:1 to 
64:1. 

In JACPOT there are different ways to 
win and lose. The lirst way to win is to hit 
a winning combination. The second is to hit 
a DEC in a combination. DEC pays off 10:1. 


Table 1; A list of the major variables used in 
JACPOT and their functions, 


Variable Function 


B1 The house's money. 

c1 The number of bets. 

c4 The size of the bets. 

P1 The player's money (during the game}. 
x1 Determines the combinations. 


x2 Prints the combinations. 
Z The player's money (start of game). 


THF BAHDLI Hs P 164 rT2U KAVE 
‘TOU Bü PLEASE Lor iag 

oO TANUT aoge 

FIGIT Án 

ABD LIEY 

Aela WBMD sdo pIHIEE Zl LI YU. (USE 

HORS SOM WIN t 0y 

HHJ O o o: t 

SARL ALOL HONO 

6507. WAM LBA TÜMELE ZIDEH-CYOU 41 OSE 
TORE DEL PUNI NIE CREDIT ALLOWED. 


Dre YA WAHA TO PEAY AGAIN Y NOY 


WICH A HO SPER BARN IS EERIATE E KESUOUNLT 


HUDE RS HIE 


+ 1180 


? 400 


t 400 


WITH THE 


WEFEATED FEATS TOU WISH FO RARE. 


ARCANE Fl SIb DI YOUR BETIK YUU Wisk 
I) sIUb NLU FON) (EF AS THE BANGOR YOU GU BROKE + 
LAPT A OSO WHEN YOUR BETS ok ASKED EUR. 


TRI GANET FE HAS * 1847 ett HAVE $ 1000 
Ty LETS ULEASEYT ilou 

WANG A600. Stak!  ZILUH YUU LUSE + 10 

SUG IMHO OUO WIN T? 20 

DUT  à&^02 HOBO 

TAUL DEUO WANG 

Bogu MGOGO RUG WEN * 100 

Hp TREO GEO WIN $ UO WITH DFE 

S800 MERO HOO 

Bom 4600 — c WIER * o0 WITH DEC 

SOI o BOBO WAHO 

ggg  6tOD CARD 

TAFE ACRO BBQ 
THE HANMDIT HAR 3 120848 5 YII HAVL $ 1065 
THU 135 PLEASE LOr Lo 

UANG abeo rH 4I CH-YMr IDSC 4 20 

LABH LEDO ROAD 

ROHU HGO Li WIN bag 

^ Uu Gee HOG 

LARE UGRO go) 

SO 0600. IPH 

Boe CHO HUNG WEN ? 40 

HHO GGG Aor WIN * 20 

Baud neto BDO MWIN t A0 

ALOL UGH DUO 
IUL DIANDET HAG $* 1/64 »YOU HAVE + 1085 
YHE RE T's PLEASL YS Oxo 

KEARNY 


The way to lose money is to hit a ZILCH, 
which causes you to lose up to 8:1. 

The program (see listing 1) was written 
ona Digital Equipment Corporation PDP-11, 
but can be easily modified for most BASIC 
interpreters. In lines 110 and 1650, the 
statement LET. . .=CHRS(SYS(4)) gives an 
automatic carriage return after the variable is 
inputled; this line can be replaced with an 
INPUT statement. Lines 870 to 960 look 
repetitive but they serve to determine 
the combinations. The backslashes in some 
lines are used Lo separate (wo or more lines, 
They are replaced by colons in some BASIC 
packages. In lines 1490 and 1560 the CHR$ 
(7) is used to ring the bell. The RAN- 
DOMIZE statement in line 20 is used to 
activate the random number generator. In 
some BASICs only the RND in line 750 
is needed. 

| hope that you have a good time running 
this program. If you have any questions or 
comments about this program, please write 
to me.m 
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Pascal versus BASIC: 


An Exercise 


Allan M Schwartz Introduction 
414-2 Nimitz Dr 
West Lafayette IN 47906 Pascal is one of the newest high level 


languages on the personal compuling scene, 
Pascal has been accepted al many universi- 
lies for several years. [1 is being used more 
and more in industry outside of education, 
and has just recently been intioduced in 
microcomputers, Why is there so much 
enthusiasm about Pascal? 

Pascal is a general purpose language, the 
product of the long evolution of computer 
languages. It has a simple but elegant syntax 
and has been implemented. in both. large 
systems (CDC 6000, IBM 360 and 370, 
Burroughs 6700, cic). and microcomputers 
(LSI-11, 8080, 8085 and 7-80), 


Historical Background 


Just as computer hardware has been 
continuously evolving during the past 25 
years, $0 too have computer software 
requirements. Originally, computers were 
employed to work on mathematical tasks 
such as solving ballistics problems, or gen- 
erating tables of logarithms, Later it became 
economically feasible to use computers lor 
data processing or working with voluminous 
amounts of data such as census data or bank 
Statements. Recently we have seen com- 
puters participate in various customized, 
dedicated applications dike the control of 


About the Author 


Allan Schwartz is currently studying computer science at Purdue 
University and researching the applications of microcomputers to 
programming methodology. Previously, Mr Schwartz worked for 


Nielsen Engineering and Research Inc at NASA Ames Research Center 
as a systems programmer. He owns an MC6800 based microcomputer 
system and is developing a Pascal P-machine emulator for the 6800 
microprocessor. 
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traffic lights, microwave ovens and aulo- 
mobile ignitions. 

We have seen a variety of applications 
and language requirements lead to an evolu- 
tion ol computer languages. "Programming" 
originally entailed the translation of simple 
algorithms into machine code and bit by bit 
loading of the computer's memory via the 
Iront panel, Later, assembly languages were 
used, followed by equation or formula trans- 
lators such as FORTRAN, When it was dis- 
covered that computing involved mostly 
computing decisions and repetition, the lan- 
guage ALGOL (AZ GOrithmic Language) was 
designed to express algorithms more clearly 
and conveniently. The need for a language to 
structure and represent all of the data and 
files in business data processing applications 
was filled by COBOL. Today we have 
Pascal, which has flexible data representa- 
tions, sufficient flow of control statements 
to represent algorithms, and a clear, simple 
syntax making H a favorite for a variety 
of applications, Pascal is the result of several 
evolutionary steps in the history of com- 
puter languages. 

Why is Pascal so appealing? First, it is an 
expressive language. |t has several control 
structures that make the coding of algo- 
rithms very natural. Second, Pascal has 
flexible data representation. 


Expression of Algorithms in Pascal 


Figure 1 presents an algorithm to cam- 
pute the greatest common divisor (GCD} 
of X and Y. The greatest common divisor 
of the integers X and Y is the largest integer 
that. will divide evenly into both X and Y. 
Note that three assertions are stated in the 
flowchart. The first, a necessary pre- 
condition, states that X and Y must be 
positive integers. The second is a loop 
invariant such that, when control passes 
through that path in the flowchart, the 
GCD(X, Y) is equal to the GCD(A, B), The 


third, à post condition, states that A is equal 
to B, which is equal to the result, the 
GCD(X, Y), 

I] we can prove these three points are 
wue, then the algarithm b correct o that is, 
it will! compute the greatest common divisor 
of X and Y, The loop invariance is easily 
proved, because if B is greater than A, the 
GCD(A,B) equals GCD(A, B-A) (a more 
rigorous proof is posed as an exercise in 
Wirth's book (see bibliography)). The post 
condition (s abu easy to prove, because the 
path to this exit is taken only when A 
equals B, and then the GCD(A, A) certainly 
equals A, 

We ure now reassured that if the piecon- 
dition :s true, the algorithm. will compute 
the desired result. Now, how do we code 
this algorithm into our favorite programming 
language? Before we answer that question, 
let's look. at the elements of the flowehart, 
The Howchart in figure T, and indeed any 
compulable algorithm, is made up of three 
clements: sequence, selection and repetition, 
Sequences are represented in the flowchart 
by rectangular boxes such as: 


ha X 
Be Y 


Note that this Howchad element has one 
entry (the arrow going in) and one exit. [/n 
BYTES use of flowcharts, u top to bottom 
How of control is assumed with arrows used 
for exceptions; in this article we make a 
stylistic exception, using extra arrows to 
emphasize flow, , .CH] 

The second flowchart element is selec- 
tion, Selection is represented by: 


(ANY FLOWCHART 
ELEMENT) 


(ANY FLOWCHART 
ELEMENT) 


T 


A selection. Howchart element requires al 
least two or three boxes; however, it always 
has one entry and ane exit. 


Figure 1: An algorithm to calculate the greatest common divisor (GCD) uf 
two integers. (the greatest common divisor of two integers is the largest 
integer that will divide evenly into the two integers.) 


The third Howehart element is repetition, 
It is represented by: 


(ANY FLOWCHART 
ELEMENT) 


This form of repetition is called a "while 
loop," because while the decision is true, 
the element is repeated, Again, this element 
has one entry and one exit. 

These flowchart elements have been 
translated directly into Pascal statements 
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(sce listing 1). Note that the sequence ator in Pascal is used for assignment only, 
element: while the = in BASIC and FORTRAN is 
used as both the assignment operator and 
the equals sign. Statements are separated 
by semicolons, and any number of stale- 


aay ments may be typed on one line. If the 
above sequence were a subelement of a 
selection element, it would be bracketed 
by begin and end keywords. For example: 
is translated into the two Pascal assignments. if (x20) and (0) ther 
begin a :7x; b ¿5y 
a5; b o5y end 

Now some of the syntax delails of Pascal Any number of elements combined into one 
become evident. The assignment operator sequence element by begin and end brackets 

is :-, which is different from the FOR- forms a compound statement, 
TRAN or BASIC “=" in that the = oper- The selection flowchart element is trans- 


lated into the Pascal if statement: 


if ab thena :=a—b 
else b := b-a 


F SE "P ^ a 
at And the repetition flowchart clement is 


translated into the Pascal while statement: 


TRUE FALSE ` p 
POINT S while u <> b do «statement» 
QonS42^ 


tnu 7 $16 FALSE The expression <stafement> is called a 
OR SaR . . 
pontms 3 metavariable, For an explanation, see the 
ODDS s 372 accompanying text box. Notice, though, 
TRUE FALSE 


that the metavariable < statement > in the 
greatest common divisor while clause is an if 
statement. 


CALL ERROR 
WIN ROUTINE 


FALSE 


TRUE 


ZS 
Figure 2: Flowchart for a portion of the dice game "craps." The five IF tests 


can be implemented in Pascal with one case Statement. 


Metavariables Ther Aun in Pacealte < "p 
ne real power in Pascal's algorithm descrip- 
Bracketed symbols such as (“< statement 2") ail call metalin- live capability lies in this sort of nesting. 
guistic variables (or metavariables) or syntactic units. They represent a For example, any element can occur as a 
class of possible language elements, They are nonterminal symbols; that subelement of the while or if statement. 
is, the symbol “< statement >"' itself will not appear in a Pascal pro- These are called structured. statements, 
gram. It represents a set of legal symbols that can appear in its place and they can be nested to any depth. 
in the program. Nonterminal symbols are bracketed by “< "and “>” Look again at the grealest common 
and are printed in italics to distinguish them from terminal symbols divisor (GCD) function in listing 1. Note 


such as for := if do. Terminal symbols are usually printed in heavy that the routine consists of a heading and 
type if the symbol is a language key word, and appear exactly us they a variable declaration statement followed 
would in the Pascal program, by one compound statement, bracketed 
by begin and end. Functions and proce- 
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dures in Pascal can be thought of as named 
statements with local variables. They always 
have one entry and one exit, and therefore, 
a call is flowcharted as a sequence clement 
such as: 


2«-GCD (X, Y) OR CALL 


INITIALIZE 


Pascal has a second selection statement 
called the case statement. This statement 
is a concise representation of the special 
case of nested if stalements. An example 
of this is the "craps first roll" algorithm 
used to implement the dice game called 
craps, A pair of dice can obviously have 
only one summed value from 2 to 12 on any 
given throw, making this an ideal use for the 
case statement (sce figure 2). The five nested 
decisions can be represented with the follow- 
ing Pascal case statement: 


s:- die 1 + die 2; 
case s of 
2,3,12: 
craps; 
4,10: 
begin point : = s; odds : = 2/1 
end; 
5,9: 
begin point : = s; odds : = 3/2 
end; 
6,8: 
begin point: = s; odds : = 6/5 
end; 
7, 1] : win 
end fof case statement} 


Of course, this could be represented using if 
statements; however, the case statement is 
much more concise and clear. When the 
decisions in a group of nested if statements 
are mutually exclusive, that is, if any one 
being true implies that the rest are false, 
then a case statement is probably the ap- 
propriate representation. 

Pascal allows two other forms of repeti- 
lion: the repeat statement and the for 
statement. The repeat statement: 


repeat 
any statement > 
until «condition 


is represented by: 


(Any FLOWCHART 
ELEMENT) 


{CONDI- 
TIONAL} 


P 


Repetitions can always be expressed as 
either repeat statements or while statements. 
However, one form usually sounds better. 
For example: 


repeat shoot craps 

until broke or out ot time 
is equivalent to 

shoot craps; 

while not broke 

and not out of time 

do shoot craps 


The for statement: 
for rur: 


«init val > to final val 
Kany stutement > 


is represented by: 


{VAR)@ (INIT VAL) 


(ANY FLOWCHART 
ELEMENT) 


INCREMENT (VAR) 
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Notice that again tice is ene entry and one 
exit for this Howechart element. 

Another element we might see in a How- 
chart is an arrow coming oul of a subele- 
ment, perhaps to a different page ot the 


function gcdíx,y: integer): integer; 


var a,b: integer; bs ERU | 
begin 
aii x, by, 
whitea bdo [GCDOCY) - GCD(A,BI 
ifa-bthena:c-a b 
else 5:7 p-a; 
faco =Å- Bf 
ged := a 
end 


Listing 1: Pascal function to calculate the qreates! common divisor of bwo 
it egers. 


100 LETA-X 
110 LET B-Y* 
120 IF A-B THEN 190 


130 REM ,..GCDIX,Y) = GCDIA.BI 
140 IF A. B THEN 170 

150 LET B=B-A 

160 GO TO 180 

170 LFTA-A B 


180 GO TO 120 
180 REM...GCD(X,YI- A- B 
200 RETURN 


Listing 2: BASIC subroutine to compute the grcutest common divisor of 
two integers. 


INTEGER FUNCTION GCDIX, Y! 
INTEGER A,B,X,Y 
AX 
B-Y 
120 IF (A.EQO.8! GO TO 190 
c 2 GCDIX,¥}- GEDIA, B) 
IF (A,GT.BI. GO TO 170 
B-B-A 
GO TO 180 
170 A-A B 
180 CONTINUE 
GO TO 120 


C ...GCDIX,YI- A-B 
190 RETURN 
END 


Listing 3: FORTRAN function to compute the greatest common divisor of 
two integers. 


Pascal's Namesake 


Blaise Pascal (1623-1662), one of the foremost famous French 
mathematicians, developed the Pascal! theorem of projective geom- 
etry at the age of 16. One year later he started developing a calculat- 


ing machine. He completed the first operating modet in 1642 and 
built 50 more during the next ten years. In 1654 he produced two 
papers establishing the foundations of integral culculus und of prob- 
ability theory. 
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flowchart. This exit from the normal How 
of execution is the only use of the Pascal 
goto statement. Indeed, very few Pascal 
procedures need goto statements to ex- 
press the algorithm. Goto statements can 
lag the otherwise clear logic of a routine. 

A final element that might be found in 
flowcharts is an assertion. and commentary 
such as: 


CTT 71 
— —4 6CU(X, S) ZAZB | 


The Pascal greatest common divisor (GCD} 
function. has all of these elements in an 
appropriate place in the source code. Pascal 
allows comments, delimited with braces, 

and } , to be freely inserted any- 
where a blank can be inserted. 

We can conclude that for each Pascal 
language statement there is a corresponding 
flowchart element, and vice versa, Therefore, 
one could easily flowchart any algorithm 
just from its Pascal listing; Compare the 
Pascal program in listing 1 to the FORTRAN 
and BASIC programs in listings 2 and 3. 
They are fundamentally identical, but all 
ol the statement numbers and GOTOs in 
the FORTRAN and BASIC versions obscure 
the logic. You might maintain that, for so 
simple an example, there is no advantage for 
Pascal. One could flowchart the greatest 
common divisor (GCD) algorithm just Irom 
the BASIC listing. OF course you could, but 
how about flowcharting that 1200 line 
FORTRAN headache you wrote a year ago 
that has returned to haunt you? 


Data Representation in Pascal 


Pascal has several flexible forms of data 
representation. A variable can be defined as 
a scalar (single value) or a structured type. 
The different scalar types arc: real, integer, 
character, Boolean, and user defined or 
enumerated. The structured types include 
arrays, records, sets and files. 

Users can define their own scalar types by 
enumeration. For example, in a traffic 
control program, there might be a variable 
called signalcolor which has a value of 
yellow, green or red. Or, in a microwave 
oven program, there might be a variable 
called temp which represents the cooking 
level specified. These concepts are repre- 
sented by the following Pascal declarations: 


type color = (red, yellow,green); 
cooking level = (warm,defrost,simmer, 
roast,reheat, 
maxpower); 
var signalcolor: color; 
temp. cookinglevel; 


In this example the type declaration describes 
the user defined types and the var declara- 
tion specifies variable names and their 
associated type. 

Another innovation in Pascal is the ability 
1o specify a subrange of a scalar type. For 
example, if the variable count is to be an 
integer between | and 10, the declaration 
would be: 


var count: 7.70; 


To further demonstrate these features, a 
BASIC program that would benefit from 
Pascal data representation is next explored. 


Mastermind Codebreaker Example 


The Mastermind codebreaker algorithm | 
have chosen for this exercise was presented 
by WL Milligan in the October 1977 BYTE, 
pages 168 thru 171. His BASIC version is 
reproduced in listing 4. A Pascal translation 
is presented here in listing 5. Let us compare 
the two. 

The first 15 lines of the Pascal version 
correspond to lines 10 to 45 in the BASIC 
version. These are the type declarations and 
ihe global variable declarations. These global 
variables can be referenced from within any 
procedure. The type declarations define new 
variable Ly pes such as: 


type colors = (colorless, red, blue, 
brown, green, yellow, 
orange, space); 


row array /7. .4/ of colors; 
eval = record 
black, white: O. .4 
end; 


This means that a variable of type co/ors has 
a value equal ta one of these enumerated 
items. A variable of type row is an array of 
four colors. The type eva/ represents a code- 
maker's response to a guessed row. What 
does this represent in the game? This re- 
sponse is the number of exact color and 
position matches (black key pegs) and the 
number of out of position color matches 
(white key pegs), The codemaker responds 
with between O and 4 black and white key 
pegs. The type eval in the Pascal version 
accurately models this: a record consisting 
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20 REM CODEN IN 
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NEXT J 

RFK START M 


FoR T=a 
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RWS FROM FERST TO CURRENT FMA CONSISTENCY 


TH PREUR CHNSTETENCS UF 


UOLUNT 


Dep dist AUR 1 


THIN Tatts? 


EL UHIBATEP FDSSTBILITIES 


Listing #4: Codebreaker 
portion of M Lloyd Milli- 
gans Mastermind | game 
written. in BASIC, fhe 
program appeared origin- 
ally in the October 1977 
BYTE, pages 109 and 170 
(see page 176 of this issue 
for a description of 
Mastermind). Compare 
this with the Pascal version 
in listing 5, 
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Listing 5: Pascal version of the Mastermind BASIC program in listing 4. 


pro 


gram mmo nput ontpil 


labe] — 576 


type ealirx 


var 


(eilorless, red, blui, hrown, grecu, aeflow, arem, spark, 


raw array |7.. i| of colors, 
eral - record 
hark. white 0045 

end: 
eealuatiuns, array |7. 10] of ernt 
rotes; array [1.10] of row: 
num: array [rolors| of packed array | 1..6] of eher 
ril array [9.. 7] of eoloex; 


redraw, row, | First hypothesis checked } 

i Last hypothesis formed | 
version, F.. 2 ma.rcolor: Ory. Spare 
eoi’ p d. nh char, 


hist, row. 


procedure »fialization, 


var e colors, oa 74, 


begin uuunlaqeeen| :z GREEN ^ 
nanih red] CRED "s snae nellew] c= YELLOW": 
niinir[blur] = BLUE G neaelurange) c= ORANGE" 
mann | browu) 25 "BROWN 5 seanae[spaec] ; SPACE 05 


for e = reolorless to space do 
rolo ort| :2 e: 
for: = / to 4 do 
redeo 2 IM red; 
fast c= redraw: 
writeln MASTERMIND CODE BREAKER: 
werde PLEASE BE PATIENT, SOMETIMES I TAKE A FEW): 
irdelu MINUTES ON MY MOVE. WHICH VERSION 11 or 27: 
reid feeriang 
miuccolur iz calor eersiont]. 
| Assign colors at random for row 1} 
for: -= I to; do 
rows L4] cs color truneffrersiont ss) random ti L3) | 


end | Of Initialization Routine Pc 


procedure checkcausistaney hypothesis preeiuisruüm: vow; 


174 


var e ecatk 

label 1090; 
Varig bed 
begin 

{ Count blacks first. } 

eblack 22 04 

for yi := 1 t0 4 do 

if hypothesis ji) = preeiousrow jt] then 
rblack := ceblack + I: 
{ Now count whites } 


conhihi cz od; 
for j! -= I to 4 do 
begin 
b for j? corto do 
if (17 72) and 
fhupothesis[j1] 2 preciousrow st} and 
(hypothesis j2] £ prerionsronl 2 and 
(hypothesis ji) = preciniesrout;i2p then 
begin 
eachite = cachite v i: 
{ Dummy wrong value } 
preeiouxroilj2] c= colorless; 
goto 1090 | Exit J2 loop | 
end: 
1090; 
end 


end { Of Check Consistancy Procedure } 
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of two components, black and white, each 
an integer between O and 4. 

The variable version represents the wer- 
sion number, either ] or 2. The 10 possible 
rows of code pegs in the game are recorded 
in the Pascal structure declared as: 


var rows: array /1. .70] of row; 


Note that the careful selection. of data 
representation makes the program much 
more clear and concise. The ability to deal 
with structures as a whole instead of just 
their elements tends to tighten up the logic 
of the program. For example, the BASIC 
lines: 


820 REM ASSIGN NEXT ROW 
830 FOR J=0 TO 3 

840 LET R$(I*1,]]-D$(]) 

845 NEXT J 


are functionally equivalent to the Pascal 
assignment: 


rows[i*1] := hyp fassign next row} 
Also, the BASIC lines: 


610 REM MAKE SURE THAT 
HYPOTHESIS ROW DOESN'T 
DUPLICATE ROW 1 

620 LET Z=0 

630 FOR J=0 TO 3 

640 IF R$(0,]) C2 D$(J) THEN 660 

650 LET Z=Z+1 

660 NEXT J 

670 IF Z=4 THEN 700 

690 GO TO 820 


are functionally equivalent to the Pascal 
statement: 


if hyp <> rows[1] then goto 820 


Mr Milligan’s BASIC version is well 
written and well structured. |t contains three 
key routines: initialization (lines 50 to 210); 
generate hypothesis (lines 380 to 845); and 
evaluate response (lines 910 to 1100). How- 
ever, due to the inexpressiveness of BASIC, 
it takes careful study, even of this well- 
written. BASIC program, to recognize its 
structure, On the other hand, looking at the 
Pascal version. of the same algorithm, the 
expressiveness of the language shows the 
structure at a glance. Similarly, the use of 
meaningful variable names and Pascal record 
structures makes the data representation 
readable. Table 1 describes which variables 
in the Pascal version are used in the same 


context as variables in the BASIC version. 

As careful as you are when coding BASIC, 
bugs arc bound to creep in. For example, in 
the BASIC version (listing 4), lines 610 
thru 690 are unnecessary. Additionally, 
there is no path through lines 770 to 810. 
Coding errors rarely creep into Pascal 
programs because the compiler enforces 
vartable declarations and type agreement. 
For example, evaluations[5] -= rows[5] is 
illegal because they are not type-compatible. 
Also c := brown-red is illegal because arith- 
metic is undefined for our user defined 
colors type. And, version := 3 is illegal 
because the value 3 is outside the legal range 
lor version. 


Other Pascal Attributes 


We have looked at some of the note- 
worthy features in Pascal. There are also the 
powerful features of block structured scope 
of names, recursion and dynamic allocation 
of storage. Pascal is known as a very “safe” 
language because it optionally has extensive 
compile and run time type checking including 
type compatability, subrange bounds and 
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function foruehagpathe ses Doahan, 
label 520 
varola todd. sedis: 
et H, 
hup rat, 
aval} avaf, 
iuh Heli un, 
begin £O forming Hypothesis } 
viable t7 trui, 
for (1 Hasil t) to prseolor do 


for 62 c7 dest] 2] to macseor do 
for e: .- dasile] to moseetlor do 
fors; tasi 1| to vur reber do 
begin 
best eredt, 
opdi ord. Pap 2] core. hupbi] ce o haple| ce ise 
P Cheek all rows so far for consistaney | 
m n, 
repeat 
r vt], 
ehieekeonsistiimeatbupirmes r| ratti 
until 6 cil Eoo ccadaatianst n] or (p 7 n, 
if ecuftio a calaatiois[n| then 
{ Make sure that hypothesis doesn't duplicate row 1; 
iat hasn't then we have a viable hypothesis H 
if hyp = noces] then goto sen, 
{ Otherwise, keep searching. NEXT idisi2al } 
end: 


(Nu viable hypothesis left } 


cearbh - fithse, 
Sain dou then 
begin Do not recheek eliminated. possibilities } 
hisÜ ~ bnp 
perspi] hup 
end 
else begin 
writan C |IDHAVE REACHED AN IMPASSE. '); 
writen C COULD YOU HAVE MADE AN ERROR?) 
end: 
Jocmbupullesix oo riabli 


| Assign next row | 


{ Return with function value | 
end | Of Form Hypothesis Procedure 


begin | Mastermind Codebreaker } 
repeat 
erben: 
{ Start main play of game here | 
for | fle’ do 
begin 
writeln, wrt CMY MOVE FOR ROW': 2. ish 
for ; > lto; do 
write Grane cows nis reriteday, 
weilein CHOW MANY BLACK PEGS”) 
read fevalsuations| c]. black), 
if ecaluntinnspi] lack - ; then 
begin 
writeln CTHANKS FOR THE GAME’): goto x70 
end: 
iE rreatnatirons| il hlack = then 
crudreations| i| iehite:z 6 
else begin 
icnteli C HOW MANY WHITE PEGS”): 
read (eealuatious( ich ite) 
end: 
if not formAgpothesrs then goto 570 
end; 
writeln C I AM STUMPED —— YOU WIN"): 
NIU: repeat 


rida C ANOTHER GAME?) read (ch) 
until (ch = '"Y') or teh = N°) 
until c = 'N' 
end { Of Main Program } 
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array index bounds. Pascal has many other 
dala representations not illustrated here, 
such as sequential files, arrays, pointers and 
sels. | can't begin to explain all of these 
features here, but you don't have to under- 
stand all of them before you write your first 
Pascal program, 

The main selling feature of Pascal is that 
properly developed programs are extremely 
casy to debug. Once you get a clean compile, 
the program usually runs! Why? Because the 
algorithms arc expressed clearly and natural- 
ly. The range of all control variables are well 
specified and can be enforced at run time. 
The data types all agree and are appropriate 
to the problem. The program is readable — 
data types mean what they say — and it is 
therefore maintainable. Pascal encourages 
the methodical and systematic development 
of algorithms, an important structured 
programming method. 

| hope this survey of Pascal has whet your 
appetite for the language. If so, read more 
about Pascal in this issue, then pick up any 
of the books in the bibliography and dive in! 

Pascal is a rich and fertile language that 
emphasizes the expression of algorithms and 
data representation naturally and clearly. 


BASIC Version 


Lines 220 to 270 
and 850 to 900 


l 
DIM RS(9,3) 
R$ 


DIM 519,1) 
Lines 50 to 210 


J 
DIM AS(6) 


V 
Lines 380 to 845 


10,11,12,13 
LO,L1,L2,L3 
V 


DIM A$(6) 
DIM DS(3) 
R 

J 

NM 


Lines 910 to 1100 


J1,J2 
DIM CS(3) 
DIM BS(3) 
N.M 


Pascal Version 


When will your microcomputer speak 
Pascal ?m 
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mind game (see listings 4 und 5). 


What Is Mastermind? 


One of the most interesting con- 
ventional (ie: noncomputer) games on 
the market is “Mastermind,” distri- 
buted by Invicta Plastics, Suite 940, 
200 5th Av, New York NY 10010, and 
available in many local stores. Master- 
mind involves deductive logic, hypo- 
thesis testing and probabilistic infer- 
ence. In Mastermind, the players take 
turns as "codemaker" and "code- 
breaker." The codemaker sets up a 
concealed row of four colored pegs 
from a set of Red, BLue, BRown, 
Green, Yellow and Orange pegs. It is 
acceptable to use the same color or 
colors more than once. In version 2, a 
more advanced game, empty Spaces 
are also permitted. 

To challenge the computer program 
you are the codemaker. Write down a 
code. A row of four colors invokes the 
codebreaker computer program. It will 
take up to ten tries (rows) to discover 


program mm2 


RUPE EnA 

rows: array [1.. 10] of row 

ch: char 

evaluations: array [1.. 10] of eval 


procedure initialization 


it 1..4; c: colors 

name: array [colors] of string 
color: array [0. . 7] of colors 
version: 1..2 


procedure formhypothesis 
11,12,13,i4; colors 
redrow, last: row 
maxcolor: orange. , space 


hyp: row 
r: 0..9 


evall: eval 

procedure Checkconsistency 
jl j2: 1..4 
hypothesis: row 


previousrow: row 
e: eval 


Table 1: A comparison of the variables used in the two versions of the Master- 


the secret arrangement of colors in the 
concealed row. After printing each 
guess, the program will prompt you 
for the number of black and white key 
pegs. 

The number of black pegs corres- 
ponds to the number of correct colors 
in correct positions. An important rule 
is that no position in the try is 
counted more than once. 

When evaluating the program's try 
it is necessary to count black and 
white pegs carefully. If you make a 
mistake counting the number of exact 
or inexact correspondences, the pro- 
gram may exhaust all possible arrange- 
ments without finding a possible valid 
try. In this event the message: 


I HAVE REACHED AN IMPASSE. 
COULD YOU HAVE MADE AN ERROR? 


is printed. 


(Adapted from W Lloyd Milligan's articla, “Mastermind,” October 1977 BYTE, paga 168.) 


What's New? 


New Power Supply Dedicated to Minifloppy Format 


A new multiple output power supply, 
the CP-249, is, according to the manu- 
facturer, the first power supply to be 
dedicated to the 5.25 inch floppy disk 
format. 

The CP-249 provides dual outputs of 
5V at 0.7 A and 12 V at 1.1A steady 
state, with 1,7 A peak. The 5 V output 
includes overvoltage protection. Stan- 
dard features include 115/230 VAC 
+10% AC input capabilities +0.05% 


line and load regulation, and full pro- 
tection against short circuit and over- 
load. Maximum ripple is 3.0 mV peak 
to peak, while transient response is 
30 us for a 50% load change. Operating 
temperature is rated at 0°C to +50°C at 
full ratings, derated to 40% at 70°C, 
Single quantity pricing is $39.95, The 
unit is available from Power-One Inc, 
Power One Dr, Camarillo CA 93010.» 


Circle 611 on inquiry card. 


New Tandy Computers 1978 Catalog 


Tandy s comuns 
o 1878 CATALOG. 
uF 


A microcomputer mail order catalog 
has just been issued by Tandy Com- 
puters, Dept R7, POB 2932, Fort Worth 
TX 76101. The 52 page, 4 color catalog 
details a full line of popular brand micro- 
computers and accessories, software 
Packages, parts and literature currently 
in stock. Kits and fully assembled micro- 


.computer systems listed in the catalog 


range in price from several hundred 
dollars to more than $20,000. Among 
the nationally known brands carried by 
Tandy Computers are Radio Shack's 
TRS-80, the IMSAI 8080, Vector 1 and 
1+, Xitan, Equinox 100, and Poly- 
Morphic System 8813. Copies of the 
new catalog are available by telephoning 
toll free (800) 433-1679 or by writing 
the company.a 
Circle 613 on inquiry card. 


LS-100 Series Designed for Electronic 
Troubleshooting 


The LS-100 series digital signature 
analysis product family provides the 
foundation for LS] and microprocessor 
electronic troubleshooting and repair. 

Verification of correct digital pat- 
terns provides go and no-go testing as 
well as diagnostics. The series provides 
for rapid identification of bad compo- 
nents, printed circuit boards and entire 
systems, Options include remote LED 
signature display, 32 line multiplexer, 
logic probes, enhanced software package 
and stand alone test ability, 

The LS-100 expandabie series is 
available in S-100, LSI-11, or EXORciser 
bus compatible plug ins, ready to go. 
Prices start at $295, Contact Phoenix 
Digital Corp, POB 11628, Phoenix AZ 
85017.» 

Circle 812 on inquiry card. 


AVA Introduces New RF Video Adapter 
Line 

AVA Electronics announces the in- 
troduction of their new RF (radio 
frequency) Video Adapter line. It 
features over 40 adapters and accessories 
suitable for home and professional 
video applications. The adapters cover 
phono, BNC, UHF and F connectors, 
The free #478 catalog sheet describes 
these products in detail and is available 
from AVA Electronics Corp, 242 Pem- 
broke Av, Lansdown PA 19050.a 

Circle 614 on inquiry card. 
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SOFTWARE 


File Management System for Floppy 
Disk Microcomputers 


KSAM80 is a file management system 
designed specifically for floppy disk 
microcomputer systems. It was originally 
developed under Zilog’s Z-80 OS 2.0 but 
can be implemented in many existing 
microcomputer operation systems. 

KSAM80 was developed for applica- 


A New Macroassembly Language 
for 8080 and 8085 Microprocessors 


SMAL/80 is a compiled, structured, 
macroassembly language for 8080 and 
8085 microprocessors that requires only 
7 K bytes of memory. SMAL/80 state- 
ments are written in a symbolic notation 
resembling PASCAL and PL/M that sim- 
plifies the writing of assembly language 
programs. It incorporates the basic struc- 
tured programming constructs, the do- 
end, if-then-else, and loop-repeat, which 
may be combined with and/or nested 
within each other without limit to form 
highty complex statements. 

The package includes a 2 K byte 
macropreprocessor written In SMAL/80. 


tions such. as Inventory control, reserva- 
tion systems, library systems, accounts 
recelvable and bill of materials process- 
ing. Random storage and retrieval of rec- 
ords |s based on the contents of a user 
deflned data fleld within the record 
which is called the key. The key must 
be unique for each record and can be 
any string up to 255 characters long. 

KSAM80 also supports sequential 
access of records starting at any point 
within a file, random access by partial 
key and random access by relative rec- 
ord number. Sequential and random 
access commands can be intermixed 
freely. 

Space is automatically allocated to 
the file when records are added and re- 
claimed when records are deleted so that 
files are self-reorganizing and any num- 
ber of files can be processed simultan- 
eously provided that sufficient buffer 
storage is available, 

A number of utility programs are 
available as part of the KSAM80 pack- 
age. For additional information write to 
EMS, 3645 Grand Av, Suite 304, Oak- 
land CA 94610.s 

Circle 532 on inquiry card. 


The macropreprocessor permits condi- 
tional expansion of statements, and un- 
limited nesting of macros. 

Also included in the SMAL/80 pack- 
age is a translator program that allows 
one to convert any 8080 or 8085 pro- 
gram written in standard Intel mnemonics 
into SMAL/80 without the constructs, 

SMAL/80 is being offered initially in 
CP/M and Isis | disk formats; the price, 
including documentation, is $75. This 
software is available from Chromod 
Associates, POB 3169, Grand Central 
Station NY 10017. 


Circle 535 on inquiry card. 
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Business Software 
In North Star BASIC 


Available now is a series of three 
business software packages in North 
Star BASIC, Features of Micro-Base 
Inventory are said to include multiple 
key ISAM (indexed sequential access 
method) disk structuring; inquiry keys 
by catalogue number, manufacturer, or 
item description; multiple selling price 
capability for each item; formatted 
screen handling; full retail or cost 
extension reporting of items on hand 
or on order or sold. The second module, 
Micro-Base Accounts Payable, is de- 
scribed as a fully featured data base 
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management system, with real time 
inquiry for file information. Features of 
this system are multiple key ISAM disk 
structuring, inquiry keys by vendor num- 
ber, vendor name, voucher number; 
formatted screen handling; paid voucher 
history file; bank account reconciliation 
assistance; cash requirements forecasting. 
Micro-Base Accounting system is said to 
include payroll, time and material billing, 
purchase ordering, accounts receivable, 
accounts payable, inventory handling, 
and general ledger and financial report- 
ing. The price for these systems is $450 
per module from Computertex, POB 
66907, Houston TX 77006.» 


Circle 537 on inquiry card. 


Character Oriented Processing S ystem 
for the Z-80 or 8080 Printer 


The Electric Pencil It is a character or- 
lented processing system. Text is entered 
as a continuous string of characters and 
is manipulated as such, allowing the user 
freedom and ease in the movement and 
handling of text, 

Features of the Electric Pencil 11 In- 
clude CP/M compatibility, disk operating 
system which supports two disk drives, 
file management, disk storage and retrie- 
val, print formatting multicolumn print- 
ing, print value chaining, page at a time 
scrolling, bidirectional multispeed scroll- 
ing controls, subsystem with print value 
scoreboard, automatic word and record 
number tally end of page control, 

Hardware must Include a micro- 
computer using the 8080 or Z-80 micro- 
computer, printer, video display (VDM- 
1, VII or SOL) CP/M supported disk 
system or North Star minifloppy disk or 
cassette interface (Tarbell or SOL). 

The Electric Pencil 1| is avaliable on 
CP/M. The price for the standard printer 
version is $225 and the Dlablo printer 
version is $275. For further information, 
contact Michael Shrayer Software, 3901 
Los Feliz Blvd, Los Angeles CA 90027.m 

Circle 536 on inquiry card. 


Super Startrek 


Super Startrek requires a terminal 
equivalent to the Soroc [(Q120 or the 
ADM-1 (with screen protect, screen clear 
and cursor control) with 48 K bytes of 
memory. 

A sector map, status display and ga- 
lactic map are placed on the screen in 
protected areas. |t includes star bases, 
the USS Enterprise, the Faire Queen, 
Klingons, command Klingons and cloaked 
Romulans. 

Examples of operational commands 
are WAR (warp: sets warp factor for 
moves), MOV (move: direction and dis- 
tance), IMP (impulse engines: allow one 
sector moves), and ABA (abandon ship 
to Faire Queen). 

Super Startrek is written in North 
Star BASIC with complete, compre- 
hensive playing instructions. The price 
is $51 and the software is available from 
Aaron Associates, POB 1720A, Garden 
Grove CA 92640.n 


Circle 533 on inquiry card. 


APL Colloquium Series 


Think Inc, a company which de- 
velops and markets APL application 
packages, is offering a monthly collo- 
quium series on APL topics, Topics 
such as “A Proposed Standard for the 
Interchange of APL Workspaces" and 
“The Use of APL for Systems Work" 
have been discussed in previous series. 
Think Inc plans to continue the collo- 
quium series until the summer. For 
further information contact Brooke 
Tompkins, Think Inc, 310 E 46th St, 
New York NY 10037.» 

Circle 534 an inquiry card. 


BK RAM 
CPU 


2-80 CPU 


MB7 16K STATIC RAM 
Kit 435 
Bare Board 25.9 

MBB BK/16 K EPROM 
USES 2708's 
Kit Less EPROMs 75.95 


74L$00 TTL 


74,500 741$138 
7AL$O2 .. 746$139 
74L$OA 7418151 
74L$00 .. 74,8153 
741$154 1. 
7415157 
74L$160 
74t$161 . 
7AL$162 . 
74L$163 


HOBBY WORLD ELECTRONICS 


Savines up to 70 


on major brand IC parts ond e uter 


kits For complete IC listings write for our c 


$-100 P.C. Boards 


B080 
12-Slot Mother 
Board 
ITHACA AUDIO $100 P.C. Boards 
BK RAM 


28.00 
2708/2716 EPROM 
Boards (New) 28.00 
W/W Prot 


The Basic Workbook 
Programmin Eroverbs 
Discoverin 
COBOL with xS "3 
Advanced B. 
Standard BASIC y of Computers 
& Information Processin 16 
Game Playing with Computers 
Game Playing with BASIC 
Minicomputers 
Microprocessors 
Digital Experiments 
Digital Signal Analysis 
Digital Troubieshootin 
CMOS Digital IC roj jects 
abo Ideas tor Design. n ume 2 
Analysis and Design of 
Digital Circuits end 
Computer Systems 
Telephone Accessories 
You Can Build 
Basic Electronic Switching for 
Telephone Systems 
Basic Carrier Telephony 


KITS 
SOLID STATE MUSIC 
VB1B VIDEO INTERFACE 
Kit 129.95 
Bare Board 25.95 
RF Modulator TV-1 Converts Video 
Output to RF For TV antenna 
terminals, complete Kit 8.95 
NEW FROM CYBERCOM DIV OF SSM 
MBS8A_— 2708 16K EPROM with 
Vector Jump Kit B5 
OE Vector Jump & Prototype zd 


104 2721/0 kit 25.95 
SYNTHESIZER, S84 MUSIC 13998 
Kit with 
Software 145.00 
MT-1 Lm Mother 


(Continued) oar 95 
8080 Machine Languages XB LEXT EXTENDER BOARD 


SSM Soa. MONITOR VI 


BEGINNERS BOOKS ON 81702A — 4700 


Beginning BASIC 


j Home Computer Beginners 


Glossary and Guide 
Basic BASIC 
Introduction to BASIC 
Home Computers: 210 Questions 
and Answers 
Volume 2: Software 
Microcomputer Dictionary 
and Guide 


i Microprocessor Basics 


Home Computers: 210 Questions 
and Answers 
Volume 1; Hardware 
Understanding Integrated 
Circuits 
Semiconductor Circuit Elements 
Fundamentals and Applications 
of Digital Logic Circuits 


PLETE SATISFACTION tS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION 
Huge Discounts! 


70 
70 
65 
1.00 
62 
B2 
B2 
62 
74L8164 .98 
74L$174 75 
74L$175 79 
74 . Sy : 
Misia 30 miniature Solder Tail 

90 Male 3.00 

80 

80 

1.05 

71 

70 

26 

72 

55 

55 

55 

55 

3 

?? 

77 


Female 3.50 


SUPPORT DEVICES 100 PIN EDGE CONNECTOR, 


6820 i Imsai spacing 3.50 (New) 
6850 

8212 

8214 

8216 

8224 A 2716TI 

21102 450ns 1.25 

21L02 250ns 1.60 


74L$192 
74L$196 . 
7414197 
74L$221 1. 
74L$257 
74L$258 
74L$266 
741$283 
74l$365 
743366 
74L$367 
74L$358 . 
741$386 .39 
81L$95 
8i1L$96 
74L$132 . B1LS97 77 | 8228 
aitsos 77 | B226 


8238 2114 8.50 
MICROPROCESSOR 
8080A 11.50 

! z-80 24.95 
2-80A 34.95 
6800 16.50 


* Updated every 
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L| 
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it th isted below: 
TELEPHONE ORDERS: Oms nave CS e below 
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Q cop Erp Date n m N IC's listed. 90 days. 
ee Omc . * Over 2,000 
O aac (VISA) — — — pages. 
|. Mmm Retail Value 
Name 


Your Price 


$39.99 


Check catalogue for more 
listings on linears, voltage 
regulators, resistor books, 
IC sockets and more. 


Suite #5 quickly. 
IC MASTER 
Stock No. Price 
$55.00 


California Residents Add 6% 
Sales Tax 


Note: Minimum Order $10.00, 5% Discount over $100.00 on 1.C's only. J 
um wn mm um mà EN SB ND WD eS ESE eee eee ee ee ee ee ee ee 


15 OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTE 


State. .. Zip. 
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Circle 25 on inquiry card. 


ATWOOD ENTERPRISES 


KITS DID YOU 


4K RAM Available assembled and tested $89.95. 
BIG SALE 


1 each board: 


Digital 1/0 
Eprom programming 


BK Eprom Board (without 2716's} 


REGULAR PRICE 
$139.85 
PROM PROGRAMMING 3... AUGUST ONLY 
7 serial ports, fully software controlled. | $1 00.00 


To 500 baud. 


MOTH ER BOA RD MAKE CHECK OR MONEY ORDER PAYABLE TO: 


8SLOT 44 PIN BUS Kathryn Atwood Enterprises 
50 Pin Edge Connector P.O. Box 5203, Orange, CA 92667 


Mother Board $20.00 ea Discounts available at OEM quantities, For orders less than $25 total, add $1.25 
Connectors 2.50 ea for shipping. California residents add 6% sales tax. Estimated shipping time 2 
Card quides for above $10.00 per set. days ARO with money order. For checks allow 7 days for check to clear. 


Beckian Enterprises All Prime Quality — New Parts Only — Satistaction Guaranteed 


EDGE CARD CONNECTORS: GOLD PLATED. 25 PIN DB TYPE SUBMINIATURE CONNECTORS. 


BODY: Non britile, solvent resistant, high temperature G. E. Velox. The finest elec- CANNON: Gold Plated. The Best You Can Buy. 
al properties available CONTACTS- Bifurcated Phosphor Bronze, Gold over DB25P Male Plug $2.60 es. 


DB25S Female Socket $3.70 ea. 
ALTAIR TYPE: Contact Ctrs. 125: Row Spacing, . 140 DB 51212-1 Hood. (Grey) $1.00 ea. 


DB 51226-1A Hood. (Black) $1.10 ea. 
50/100 Dip Solder $4.00 ea. 5 pes. D 20418-2 Hardware Set $0.80 ea. 


IMSAT TYPE: Contact Cus. 325. Row Spacing, .250 SAVE: BUY A COMPLETE SET. 


50/100 Dip Solder $4.25 ea. 5 pcs 


Complete Set includes: 1 pc. DB25P: 1 pc. DB25S: 
$0,900 Wire Wrap [1 Turn} $4.25 ea. 5 pcs. 


180 


IMSAI Card Guides (3 Tomi 25 per parr 10 IMSAI Prices 


Nore Also good for CROMEMCO 


OTHER CONNECTORS AVAILABLE 


.100" Contact Ctxs: 140" Row Spacing. 


15730 Solder Eyelet $2.30 ea. 5 pes. 
22/44 Dip Solder $2.75 ea. 5 pes. 
221/44 Wire Wrap (3 Tura) $2.50 es. 5 pes. 
40/80 Ware Wrap (3 Turn) $4.00 ea. 5 pes. 


1 pc. Hood of your choice Grey or Black. 
1 Set $6.50 ea. 5 Sets $6.25 en. i 
Note For D 20418-2 Hardware Set, add $0.75 5s 


2708 - PRIME OSOA - PRIME 
(450 nS) $9.40 ea. 
$14.00 ea. 
$2.10 


$240 es. I.C. SOCKETS: DIP SOLDER 
$2.20 ea. 
$3.70 


Low Profile, 
14 pin. & 16 pin. $0.16 es. 


Note: Wire Wap Spacing is .200" (Row Spae£na) HEAT SHRINK TUBING 


.156" Contact Ctrs: — . 140" Row Spac ng. 


18:36 Dip Satder $2.25 ea. 
22/64 Dip Solder $2.50 ea. 
15/30 Wire Wrap (3 Turn) $2.00 ea. 


.156" Contact Ctra: — .200" Row Spacing. 


22/44 Wire Wrap (3 Turns) $2.80 es. 5 pcs. 
36/72 Wire Wrap {3 Turns) $4.00 ea 5 pcs. 
15/30 Dip Sotder $1.90 ea. Specs. 
78/36 Dip Sotder $1.95 es. 5 pes. 
36/72 Dip Solder $4 00 ea. 5 pcs. 
43/86 Dip Solder (6800) $4.90 ea. 5 nes. 


WE ARE YOUR CONNECTOR SPECIALISTS, 


IF VOU De NOT SEE THE CONNECTOR HERE THAT 


1/8" Shrinks 10 1/16" 1D. $0.35 per fr. 


CABLE TIES 
3%" and $5" $0.03 aa. 


WRITE FOR LARGER QUANTITY DISCOUNTS 
E WELCO 


MINIMUM ORDER: $10.00: Add $1.00 for 
Shipping. Orders aver $25.00, we pay 
the shipping. Calif. Residents add 6% 
Tax. NO C.O.D. SHIPMENTS. 


Onder From: j, d 
VOU NEED, PLEASE WRITE US. IN MOST CIRCUMSTANCES, Beckian Enterprises 


UE CAN SUPPLV IT TO VOU. 


August 1978 © BYTE Publicatiam Inc 


P.O. Box 3089 Simi, Calif. 93063 


Circle 30 on inquiry card. 


FOR ALL CUSTOMERS EXCEPT CALIF. CALL TOLL FREE 800-421-5809 
2! L02 {350ns) 1702A 6502 2708 bons) 2i L02 (250ns) Z—80A 8212 41 16 ,(200ns) 
tat Mi - atic Rams i 16K . 
120 @ $1.00 ea. 75 ea. $'$ 311.90 e». | 8 @$9.00ea. |100 G$1.25ea. | Me $2500 ex. | zs m $4on ex | B G $24.00 ea. 


2-8U 410D (200ns) TMS 4044 4200A (200ns) 74V 5367 74 L5368 2513 (5v) 
Microprocessor Static Ram (250ns) Static Rams Hex Buffer Hex Inverter Character Gen, 
5 @ $20.00 ea, . .1100 @ $9.50 ea. 16 @ $ ^ $19.09 za. 100 9 .70¢ ea. 100 8 .7t¢ £t & $9.00 ea. 


MICROCOMPUTER COMPONEN Viti a nto M eI 


MICROPROCESSORS MISC. OTHER COMPONENT TV-L anin PROVISIONS Var WRITE & READ 
pH 16.35 Conver! TV sel to ONBOARD 2708 and POWER ON JUMP 


Video Monitor $135.00 EA. MHZ. EPROM 


1702A - 2708 - 2716 - 5204 - 6834 
$149.95 EA. «^ *Plugs directly into your ALTAIR, 


IMSA) computer. 
JADE 8080A KIT BARE BOARD $35.00 * includes main module board and 
$100.00 x external EPROM socket unit. ted 
*The socket unit is connecte 
Bane noard $30.00 JADE VIDEO to the computer through a 25 pin 


connector, 
INTERFACE KIT *Programming is accomplished by the 
computer. 
FEATURES $99.95 *Just read in the program to be written 
- tibte on the into your processor 
8K RAM (21102! $7 or en Characters per line - 16 lines and let the computer do the rest. 
8K EPROM Graphics (128 x 48 matrix) * Use socket unit to read EPROM's 
ASSEMBLED & TESTED Ẹ Parallel 4 compositive video contents into your computer. 
$245.00 On board low-power memory KIT $210.00 
Powerful software included for cursor, 


, EOL, Scroll Graphics Character , 
tie pisc CONTROLLER KiM-1 Upper case, lower case and Greek: E 
MU 5195 Black-on-white ite-on- - ` . 
KEYBOARD CHIPS ASSEMBLED & TESTED $245.00 S-100 Power Supply with Cabinet 


AW-kes — HH MODEM JADE PARALLEL/SERIAL Power supply *Bv at 18 amps 


80-103A Serial 1/O and FSK modem INTERFACE KIT £16v at 2 amps 
Tor professional and hobby communi- $124.95 KIT Has connector for Power output 


*Completely compatible with your * 5-100 MODEL UPS=600 size 5'Hx8' Wx6A" D 


MS Atomsuters" SOL, or other $100. 7 Serial interfaces with RS232 inter- BPRICE $149.95 

* Designed for use on the dial phone interfaces or 1 Kansas City cassette 

or TWX networks, or 2-wire dedicated B, interface. tal controlled 

lines, meets all FCC regulations when Se DIE baud aes ola contro E-PROM BOARDS 

used with a CBT coupler. Cassette works up to 1200 baud. 

* All digital modulation and demodu- Y parallel port. MR-8 (BK uses 2708) KIT $99.50 
lation with on board crystal clock and with 1K RAM 

precision filter mean that NO ADJUST 


MR-16T (16K 2716) KIT $99.50 
MENTS ARE REQUIRED. STATIC RAM BOARDS with TK BAM 


*Bell 103 standard f ncies 
* Automated dial (pulsed) and answer ASSEMBLED & TESTED MM-16 (16K uses 27081 $99.00 


*Originate and answer mode 8K 
*11 Dor 300 BPS speed select Ram 8 (250ns) $169.95 RAMINIROM (16K uses KIT $117.00 
*Complete self test capability Ram 8B (450ns) $139.95 JG-8/16 (uses 2708 or . 


*Character length, stop bit, and parit 
*90 day warranty and full arnan y 250ns KIT Mem-1 $169.95 2716) KIT $59.95 


UPPORT DE tation. 450ns KIT Mem-1 $125.00 BARE BOARD $30.00 
12.55 " 
PRICES: . Fa Board ar for $25.00 EXPANDABLE E-PROM - S.D.Sales 
CHARACTER GENERATORS Bare Board & Manual $49.95 p 


H S-100 system for 
Assembled (48hr burn) $279.95 Mem-lonly KIT — $12.95 16K or 32K EPROM $49.95 when 


JG—DCA Kit $159.95 16K Uses 2114L Allows you to use either 2708's for 


Ram 16 (250ns) $375.00 16K of Eprom or 2716's for 32K of 
full ASCII Ram 16B (450ns) $325.00 EPROM. 
PROFESSIONAL KEYBOARDS 32K 
+ FreMode MOS Encoding, JG-32K (250ns) $875.00 FLOPPY DISC INTERFACE 
* MOS DTL TTL Compatable Output JG-32KB (450ns) $775.00 JADE Floppy Disc (Tarbell Board! 


* Two-key Rollove 
* Level and Pulse Strobe 450ns_KIT $675.00 KIT $175.00 ea. 


* Shift and Alpha Lock 
* Selectable parity (56 keys) DYNAMIC RAM BOARD 
* Positive or Negative Logic. M S. D. Computer Products 
n board refresh ts provided with no 
PRICING INFORMATION wait states or cycle stealing required. 


Mode! 756 (assembled) $ 
Model 756 K (kit) f 
Modei 702 enclosure 

Mode) 710 Numeric Pad 
Model 756 MF Mtg.Frame 
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DYNAMIC RAM 


3 60 e 
rl 
Sean 


S.D. Sales Versa Floppy Kit 


rd 
biro Doir o w nu cc o 
BSegesoawnese 


*8VDC 400MA DC, +i8voc 400MA ff MODEL 801R Shugart with 


and -18VDC 30MA DC. 
. BEXPANDABLE 32K (uses 4115) 200nsfi Includes Cabinet, Disc. Drive, Power 
. 8K Kit $151.00 24K Kit $367.00 Supply, Cable, Fan & Data Cable. 


i i Has AC line filter. 
MOTHER BOARD's- S100 STYLE Blok Kit $259.00 32K Kit $425.00 $ ciinei size 10" x 10°W x 16"D 
EXPANDABLE 64K (uses 4116) 200nslB MODEL OM 2700-S 


13 slot with front panel slot 16K Kit $281.00 48K Kit $757.00 $835.00 ea. 
STATIC RAMS BARE BOARD $35.00 lik Kit $519.00 64K Kit $995.00 ] 


59 
45 
3 
i 


KIT $80.00 
22 Sto $149.95 16K STATIC BOARD Computer Products 


Assembled & Tested ith . b 1 
with memory management can be used acra, STORE HOURS Monday Finby - 7 


CONNECTORS with Alpha Micro or Cromenco Saturday 1 5 
ystems, Discounts. avalible af QEM quaqtees ADD $1 50 
under 10 tes for snippini Colton rectenrs adc 


DB-25P $2.25 DB.258 $3.25linAM 65(250ns) $350.00 Gre sales tom 
COVER $1.50 RAM 65B (450ns) $390.00 NEW CATALOG NOW AVAILABLE 


44 Pin - PC & EYE $1.95 COMPUTER MAINFRAME 

44 Pin - WW $2.50 Binctuces: $295.00 

86 Pin - (6800) PC $5.00 Power Supply *8v at 18amps - 

86 Pin - (COSMAC ELF) PC $5.00 *16v at 2 amps AMERICAN —— m 

100 Pin - (Altair) PC $4.50 Mother Board - 12 slots with EXE SS Cards ED 
Pin- t i) WW 4.25 connectors Assemble ested 

100 Pin  msai) $ Has Whisper Quite Fan & AC line fitler o Welcome —— 

100 Pin - (MSALI) PC Cabinet size 7°H x 19°W x 22" D 
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CONVERT ANY TV 
TO A HIGH QUALITY MONITOR 


NED 
fto DUALITY 


"TTT Li 
T v 


E * Hot Chassis or Transformer sets 
* 64-80 characters per iine 
* By-passes tuner & I.F. 
^" * Normal viewing unaffected 
© Sate—Easy installation 
ACVM Hi-Resolution $24.95 ppd 


u RFVM Ch2-6 Modulator $9.95 ppd 


VAMP INC. Box 29315 
Los Angeles, Calif. 90029 


Calif. Residents add 6% Sales Tax 


| ;Ciréle 378 on Inquiry card. 


MICRO-VERTER 


Operates above the switching harmonies of the computer, 
thereby yielding 2 ele: erm-tres pisture. Teaable 
Over a minimum of $ el s. datortoces direetiy with 
ha Appie H as well bi ether mietan. Comas with 
video Cable ané RF output stub coupler. Tus-1oned cow! 
toe decoratur cabinet, Size: $.5om x 8.56m z M. Bem. 
Paner: +8¥, Current sppeex, J ma, Selt-powased with 4 
poncail bareries, Operating life in excess ef 1000 hours 
OF near SheHf-life ef batteries. Ezcellent stability. Precise 
frequency adjustment, No ancambiy required except fer 
iestatlatien of batteries, aet supplied, MOGEL MYX-508. 


AVAILABLE FROM YOUR LOCAL COMPUTER DEALER 
or direst trom ATV RESEARCH. COST including shipping 
anywhere ia USA aed Canada — 125.06. 


TIU PLEIER Ae 10 trpo video-to-&F msdultm 


iatiagdes FW trend stb-tanim, color vubtartia! aed 
teparato R-Y aad B-Y Inputs, Ovtigned around me 
LM-1889 chip. A deniqners Grae wim full dats sheers. 
Model PXP-4508,. Kit form, $24.80 pastpolt. 


PFIRE-VERTER" The eriginal compute: vidae-te-RF. 
interface wade’, AH form 18.19 Made) PAYPA 


Hia 
13-8 Broadway atv ‘Reseach saeua City, Rete. 
LU 


BIT BASEMENT 
BARGAINS 


SOROC 1Q120 [assbled] ...$869.95 

LEAR ADM-3A (assbled] ...$859.95 

LEAR ADM-1A [assbled] ..$1199.95 

16K RAM BOARD [assbled] .$495.00 f 
250nS 180 day warranty 


" MICROPOLIS 1042 Mod! . .$779.00 


BIT BASEMENT 


P.0. Box 1719 
Santa Monica, CA 90406 
(213) 322-9070 


all items shipped FOB factory " 


Vircle 3t'an inquiry card. 


CANADIANS 
Announcing 


HAMILTON LOGIC 
SYSTEMS 


Specializing in logic 


devices, microprocessors, 


memorys, TTL, C mos, 
etc. 


Send for your catalogue 


Box 7 
STONEY CREEK 
ONTARIO L8G 3X7 


Circle 153 on inquiry card. 


6800 OWNERS 


At last a real world fully address- 
able SS-50 control interface. Con- 
trol robots, appliances, organs, solar 
devices, etc. Applications limited 
only by your imagination. Easy to 
use with machine language as well 
as basic. Fully buffered board 
plugs directly onto mother board 
and responds to any address de- 
fined by user. 8 fast relays latch 
data while 8 opto-isolators allow 
handshaking capacity. 


Kit $98.00 
Assembled and tested $125.00 


Visa & Master Charge 
Shipped pre-paid 
TRANSITION 
ENTERPRISES INC 


Star Route, Box 241 
Buckeye AZ 85236 


Circle 377 on inquiry card. 


ATTENTION MOTOROLA 
MEK6800D2 USERS 
4 Slot Card Rack 


Designed e qu for the 
MEK, MMS68104 MEMORY 


BOARD, EXORciser, and 
Micromodule Boards. 
Kit $64.95 
Assembled $79.95 
Check, Money Order, VISA or MC 


add $2.00 shipping, PA. residents 
add 6% sales tax. 


DEALER INQUIRY WELCOME 


PENTEC, INC 
P.O. Box 148, White 


Circle 299 on inquiry card. 


DISKETTES 


VERBATIM for Your DRIVE 


MINI Soft Sector 8. 9( Ea. In 
10 Sector boxes 
16 Sector of 10 
STANDARD $4 105: 


Soft or Hard Sector 
CP/M 1.4 Dira Horizon °145 
PLASTIC BOX it'ciskettes * 
HAZELTINE CRT 1500 225..51000 


Complete 1°2¢3 Computer 
stem: Hazeltine 1500, $5145 
orizon-2, Centronic 779 


Visa, Master Charge, Cash, C.0.D. 


MANCHESTER EQUIPMENT CO., Inc. 
30 Midland Ave e Hicksville, N.Y. 11801 
Call Collect: (516) 433-0613 


Circle 297 on inquiry rd 
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S-100 Kits 
at Discount Prices 


“Il stot mother boord with sockets 
and active terminator $80** 

*I6 K EPROM boord for 2706's $48** 
*8 K static ram $125% 


There's much more, including 
complete systema; send for our 
flyer. 


PCE ELECTRONICS 
4782 DEWEY DRIVE 
FAIR OAKS, CA. 95628 


«Mester Charge * Add SR for shipping, 

* Vise arcore refunded. 

*Phons orders * Calif. residents edd 
(916) 966-7033 &'& soto: fan. 


*Ne COD 


USR-310 
ORIGINATE 
ACOUSTIC 
COUPLER 


Operates Wah 
Any Standard Telephone 


Also Available 


USR-330 Onginate/Auto Answer Modem 
USR 320 Auto-Answer Onty Modem 

(L FCC Cehhec Package Connection 10 phone hnes va 
standard axtenon phone jack } 

(2 Connection to phone knes wa CBS-1001F. DAA wluch can be 
M ftom phone company lor approa. $5 00/mo plus instaitahon 


INTERFACES: 
* USR 310 — RS232C on 
© USR 320 and USR 330 — R$232C and 20mA 
ISpecily with order it both interfaces are required add $10 to 
ual prce) 
ALL UNITS FEATURE: 
© 0-300 Baud Data Rate * Fully Assembled and 
© Stand Alone Unit 
© Malt/fuli Duplex 
© 90 Day Warranty Maintenance Coverage 
fnces wclude stepping and handhng « contenta! US Himos 
Resedents add 5^ sales taz 


U.B. ROBOTICS, INC. 
Box 5502 / Chicago. thnos 60680 / 1312) 528-9045 


ar 


T 
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2708/2716 EPROM 
MEMORY BOARD 


5-100 BUS 

1-32 KBYTES USING EITHER 2708 OR 2716 EPROMS 
HIGH/LOW LIMIT ADDRESS RANGE SELECTION 
MEMORY BANK SELECT OPTION 

SOL „COMPATIBLE MEMORY DISABLE 

SELECTABLE WAIT STATES 

FULLY BUFFERED INPUTS AND OUTPUTS 

DOUBLE SOLDER MASK 

SILK SCREENED PARTS LAYOUT 

COMPLETE DOCUMENTATION 


? 


* 
*k 
* 
* 
* 
* 
* 
* 
* 
* 


IT WILL TELL YOU WHERE TO GO - 
CPU-1, 8080A CPU BOARD WITH 


8 LEVEL VECTOR INTERRUPT. $30. BARE 


$100. KIT (LESS EPROMS) 


TESTED AND ASSEMBLED $130. 
(LESS EPROMS) 


$30. BARE $185. KIT 
$220. ASSEMBLED AND TESTED 


DEALER INQUIRIES INVITED UNIVERSITY DISCOUNTS AVAILABLE 
DEALER INQUIRIES INVITEO UNIVERSITY DISCOUNTS AVAILABLE 


TW WAMECO INC. SERI 
WIC rire. 3107 LANEVIEW DRIVE SAN JOSE CA. 95132 (win Cine, WAMECO INC. 3107 LANEVIEW DRIVE SAN JOSE CA 95132 


tanford | 
A. 9430511 
415-321-5601 | 


Educational Grade VIDEOTAPE Special: ¥'x2400° 20 boxes/$125.00 


The "Pro" fully encoded ASCI! Keyboard by Cherry. Auto RE- »—2-9-— 34 
PEAT feature, 5 special function keys. 300mA/5V. (Shawn as * Hard and Soft Sectoring 
mounted in "The Case’, Below) $119.00, 3/99.00, 10+/89.00 * Single and Dual Density | 


* Double side configuration 
as a retrofit at any time, 
*110/220 V, 50/60Hz 

*Pin for pin compatable with 
Shugart 800,801,850,851 j 
(50 pin edge connector) 

$536, 2/499, 5/475, 10/449 


USED SYLVANIA The Dumb Terminal for Smart People 

12° MONITORS — 80x24 with full 128 char. ASCI UC+LC 

You Fix: $24.95 font with all control characters displayed. 

Working: $69.95 300-19,200 baud R5232. 2nd font sddressable 
ing: 4 from keyboard in you-program-it 2708 for 


THE FANTASTICI 


Cold Chassis, 25lhs. APE; Graphics bi etc, Plug in monitor 25/425. 100/405 
V/O connector, 110VAC and you are ready. S 4 
. INCLUDES: ‘The Case’, Cherry Kbd. A used MEMOREX FIVE-FIFTY Double Sided Retrofit $299 | 


monitor, ESAT 200A, al! options except 
vector addressable cursor and modam, 
Bulletproof design and construction, 
Normally $675.00 What you always 
wanted your ADM3 to be: 


SYSTEM"A" $649.00 10/5599.00 


MINIDISKETTES (5.25") 1-9 10-24 25+ 
10, 16 or Soft Sector $4.79 4.65 4.45 


STANDARD (8’) DISKETTES 
Hard or Soft Sector $5.99 5,33 4.79 


CASSETTES 
R-300 Certified Phillips Type $5.25 4.99 4.35 
1-150 Certified for audio decks $4.60 4.30 3.90 
(‘Kansas City’ & SWTP formats) 

SUBPLUS Muffin type fans 87.95, Lambda Power Supplies 
SVO $143.00, 35.1.8589, 00, 161-4900, 12V/7.3.1-569.00, 
Cassettes and Diskettes Available. = 


OUR CATALOGUE Contains IC's, T.. Sockets (1 cent/pin. if you 


ask) Advice and much more. [t rs free. 


"The Case" Beautiful and sturdy 
anodized aluminum case in deep black designed to contain the 
ESAT 200A, and with a bezel cut out for the Cherry 'Pro' keyboard. 
{installed as shown above) Choose deep brown, light yellow, or crim- 
son to accent or color code your installation, The only choice for 

hard-use institutional and educational applications. $69.00, 10/ 59.00 


Shipping and Handling: Surface: $0.40/1b. — Air: $0;75/Ib., 1.00 minimum 
. lax: 6.5% Insurance: $0.50 per $100.00 
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SYSTEMS 


User Programmable Intelligent Terminal System 


Floppy Disk Microcomputer Supported by Custom Software 


An integrated microcomputer from 
Britain incorporates floppy disk drives 
and software. The Rair Black Box dual 
disk drives accept 5% inch (13.3 cm), 
single sided, reversible, soft sectored 


floppy disks, each with a capacity of 
81.92 K bytes. Each disk has 40 tracks 
with 16 sectors per track. Transfer rate 
is 125,000 bps; latency is 100 ms; and 
access time is 40 ms track to track. 

The microprocessor handles up to 
80 instructions; cycle time is 1.28 ys. 
The unit is housed in a self-contained 
desktop cabinet, 

The programmable memory contains 
65.536 K bytes. Software includes a disk 
operating system, an extended BASIC 
interpreter, a relocatable FORTRAN 
compiler, and a COBOL compiler, Other 
features include dual serial IO ports and 
an 8 slot mother board for system 
expansion. 

For further information contact 
Rair, 30-32 Neal St, London WC2H 9PS 
ENGLAND.« 
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Two New F8 Products for the Personal Computer User 


The introduction of two new F8 
products for the personal computer user 
and design engineer has been announced 
by Comptronics, 19824 Ventura Blvd, 
Woodland Hills CA 91364. 

The F-8S100 is a processor board 
compatible with the S-100 bus. The unit 
provides sockets for 2 K bytes of eras- 
able read only memory monitor, two 
PIO sockets and connections for six lO 
ports. The board has 64 bytes of scratch 
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pad programmable memory and a fully 
buffered data bus. The Model F-85100 
sells for $239 as a kit or $275 assembled, 

The second product is an F8 micro- 
computer, Model KD80, with keyboard 
and 6 digit display. The unit provides 
audio interface and speaker compatible 
with the onboard KD-BUG (3856) music 
routine, 2 K bytes of random access 
memory expandable through an S-100 
connéctor, and 1 K bytes of erasable 


Fully user programmable, the Mini 
Disk Terminal (MDT) 400 is an intelli- 
gent terminal system which can be used 
for a variety of distributed data proc- 
essing applications including data entry, 
test processing and data communica- 
tions. The MDT-400 features: mini- 
diskette; 8 bit microprocessor and 
communications Interface; high resalu- 
tion video display with 16 line by 80 
word format, scrollable through 2560 
character buffer; 122 key solld state key- 


-board with 18 user defined keys and 


loadable formats; integral minidisk with 
87 K byte capacity in IBM soft sector 
format; low and medium speed character 
printers for hardcopy output; asyn- 
chronous and binary synchronous com- 
munications interfaces for line speeds up 
to 9600 bps; program development sys- 
tems supporting assembler and high Seve} 
language and text processing applicatlons 
package. 

Representative prices Include: Model 
401 with 8 K bytes programmable mem- 
ory, integral minifloppy, video and key- 
board is priced at $4275; Model 402 
with 15 K bytes programmable memory, 
integral minifloppy, video and keyboard 
is priced at $4500; Model MDT-441 low 
speed, 60 cps, matrix printer is priced at 
$2495. For further informatlon, write to 
Compugraphic, 80 Industrial Way, Wil- 
mington MA 01887.» 
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Low Cost, Do It Yourself Computer 


A new do it yourself computer 
called SKIP Il has 1 K bytes of program- 
mable memory, LED display of both 
address and data, hexadecimal keyboard, 
screen printed front panel, printed cir- 
cuit board and National Semiconductor's 
SC/MP computer chip. It can be built for 
less than $100. This includes detailed in- 
structions, system checkout guide and 
troubleshooting manual. À programming 
guide illustrates all of the 46 instructions 
with simple programs which explain 
what the computer is doing at each stop. 
|t is said to be ideal for the beginner. 
Contact NBL, POB 1564, Richardson 
TX 75080.n 
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read only memory with four additional 
2708 sockets, Model KD80 sells for 
$375 as a kit and $425 assembled.= 

Circle 546 an inquiry card. 


California Industria 


Post Office Box 3097 B e Torrance, California 90503 


New irom Teletype, the Model 


Hazeltine 1400 


ž Apt B5 T. characters pa line Send and receive 
cost effective data ai 10 o¢ 30 chat. per second. Key: 


L Quality erginesret No short cuts have Down taken, board generates all 128 ASCII code combina- 
| 10 produce thre mother board Active termination tions. 85-232 interface, nama as the popular 
à | circuitry prevents naiga and crossta ^ Manutac Model 33. Data heat sont upon request. Manufac- 
tured for: extra heavy FAS 6801; glans, turer Suggested price $1377.00. 


ooo 
$ s "HET E Emm IMMEDIATE DELIVERY $1219 
A — 659 Ea alleles Al TIERE 7 TTL model with NOVAT ON brand 
i : Leere nC Cha Crit jc 2c] Acoustic Modem. $141 


The Hazeltine 1400 Mese Display Terminal te idenigusd i | MAXI-SWITCH 

optimize interactive real-time operations. e interface i& 

capable of either local or remote connection through an EIA ral pipi e ASC u KEY BOARD 
" that witch selectabl Maren nto uly 

Seabee teat at baud rates that are switch selectable merocorputer neta hat fequire il opat ul 9634197 


Exch assembly consists of 16 hermits 


nHH | 
— cally vealed reed switches ar) TTL. cng, | Definitely the best small system keyboard that 
TA AST Ceara aid EGOUILIBHELU DEC tet "aubcunce ersun y Fg we have seen. Maxi-Switch has incorporated 
add ADI Parabie iow friction acetat resin all the important keyboard features at a reason- 


[*TeT*T4]i] 
924 Lines; 12 inch Sereen plungera ara credited for tha smooth d PH 
a50 Characters per Line L [e[t STSEEN | Seriya hier Em EE anane DUUM, RAT dani gaed 


SIN Dlamontio reat Requires singie + 5 voll supply, special function keys, escape, control & lots 
Quantity pricing upon request. of others. Data sheet upon request, 


CONNECTORS [Ex pw A 
"ile ^ M" COLOR TELE VISION 
mate plug’ hood | aoe ae APPLE [I 
D8255 female 100 PIN| € 775 ts : UNIVAC Saployed Greci upon pout 


"REI Girectty upon your 


iat televisi 

$395 IMSAI/ALTAIR Y E uu€mus IGK MEMOR 
—ÀÀ—— $100 € GOLD PLATED @ 125" CENTERS K E B OARO | ^9 from the Appie ti d 

Qty. fe. male nd, | Allar .140 row, soldortait. — $5.88 $1650 | Tw tamos Spem Urns 1110 Ed Red Me] Itteviaion Irequencies. COLOR GRAPHICS SOUND 

10 345 245 1.15 | !msa 250r0w.soidortail — $498 3$1195 | Fna seai computer movi geven tor accountants ang Operates Wom naglo 5 


25 1152.25 105 | 3 Level Wire Wrap 250 row. . . $4.96 3/$1300 bed ay come Mig. Sug. 
100 2.85 1.90 .95 SPECIALS ual 1 P: RF connector and 1E $ Watail.... 
$00 2.251,60 .$5 | Wi sameas above without ears$3 50 J/STO | Oeenai cnet mes Sim) Used but gustenteed m erconont H 

IK 1971.31. .13 | 72 (dual 36) WAV .156" centers $250 396 | eten Comep em aom 1195 


Cc Y i -100 PROTOTYPE BOARD 
© — Certified Digital YSTICK $ Potter & Brumfield |$100 PROTOTYPE 
Scotch cassettes |»? ‘0 PM REED RELAY E:5525 i» 
Mond ropan T] E3volt coil;pulls 3.5v. | arum ese 


boag amen to the GPD 
ASows wire wrap of of siros 


‘ d : ^ 
DiskerrEs 55° CALIFORNIA : $ $ rn 
~ hd Q ea, 


A geil Authorized 
ni SOT sec, Daaier of ef soche f^ any shiek of 
Mini 10 sector Scoate Brand UV Erasable 10 100 1K | oes on comnineron 
Minl 16 sector Data Products MEMORY SPST  .97 79 $5 [| ix mati rotaga opplice 


Hors 


Thumbwheel 


Digital Cassette Drive eme Moenum: 


COMPUTER CONTROLED Ten position 


This precision VO assembly features BCD 
s7950 remote software controlled search $5139, 

capabilities. Two independent capstan | E D 

drive motors allow the computer to ais as aur eM Ee 

control S enu and speed of the — $.98 10 50 100 dk 

transport. a — ee 

The assembly consists of a Raymond CAPACITORS SPDT $88 81.73.66 

cassette iransport, chassis, other. PDT Minlature Toggles 
and three edge cards: read/write, TIOLCAK — QN-NONE-ON 

capstan drive & control card. "— m TN x S idiot 

$00.00 pore: vauc AL ole 80,000/10v. 325 349 295 | Rocker iBT o PDT 

documentation includ 5 4500/50v.5H* DS Us| Rotary 3P- 4-Por. 

locumentation included. USED, but in Rotary JP- 6-Pos. 

excellent condition. 1000/15» $55 49 45 | pushB iO) 533624751 


wri RELAYS léhe — $12.08 07 DIEI 3 
6 vdc,140mA $1.39 


=o 
TI 


wdd$sss. 
I cua. 


5935558 


LOW POWER 
450 uS 


225255552393 


M 
T 


“Lowest Price 
Anyw 


=a 


"UU 


SPDT MINIATURE | lfc — 06.05.04 |5149 (OO 
7«de, 1.4 A, 550 .10. 25 100 A Fo apecity 
Sec 15mA. 1.19 $119... $115 104 99 1 f 


10 vAc,300mA. 1.95 Coil 12 Volt dc. 
7 Amp Contacts 
P. C. Board Mount 


eges 


aysug&gskzipUPPOURENN 323253225908592$5952959295999595955 


Gb288EGcS835860800NN 


DISCOUNT ^u 


Si I 
Transistors 
e. 10 So qe Wire Wrap Center 
2N2222a .20 .18 16 .15 x " = 
2N3055 .69 .65 59.55 
M13055 .79 .75 69.65 wireiwiay low priii 
IL > dut ded p P 
2N3772 15914913307 $ power werd uen ftl 15. S0 — sn.21,.50 
283904 .15 11.09.07 chassis connectors. 1% 16 15 
283806 .15 11.09.07 336 35 18 17 18 ^ 
Diodes | sara 1918517  ppigaai 
1N4002 100v..08 06.05 99 93 85 3835 34 A 
1N4005 600..10.08.07 k 16% 155 139 63 60 58 


4 WIRE Ok MOREY WRAP -3 
SPECIAL INGIB signal 07.0506. | 770,59 ig qa Sa so. KYNARSkr [Gage 


Keyboard - | 398 
GENERAL INSTRUMENT ASCH Encoder LED pue STe 100 500 tk SOD 1900 11,000 sas 
AY 53800 Prime but house merked only $495 ED* 115.13.11.03 -e 0 a8 39. $15. $105. 5 


21679-9001 


Anl merchandise sokd by Californie Induiirial is premium grade. 
Orders are Hipped the same tey received 
PLEASE INCLUDE $1 00 SHIPPING ON ORDERS UNDER 115.00 
Catitormia retidents add 6 tales Money beca guarantee 
Serty, 50 COD) 2 Fateigo wes add 107, 


Ctedil cards accepted. $20 minimum 


i ine. 185 
Circle 39 on ings ry card. BYTE August 1978 5 
* + 


eee iaa n 


PFF 
EE RE EE tatta A E ean e E A SZUNES 


ma 
ues 


dwssessseessseyshesnehoheserse 


RBSGARSRSSRSS SASSER SER E 


sie 


RIER EENEN 


ea a E E EE t Etn OD 
ia 


STENEN: 


186 


Binary Synchronous or Synchronous 
Data Link Control Chip 


A synchronous receiver and trans- 
mitter chip that can handle either 
binary synchronous (BiSync) or syn- 
chronous data link control (SDLC) 
protocols in microcomputer systems 
is available from NEC Microcomputers 
Inc, Five Militia Dr, Lexington MA 
02173. This uPD379 is an N channel 
MOS device that is packaged in a 42 pin 
ceramic dual in line package. The part 
operates at 800 K bps. The uPD379 can 


Auto Answer Modem 


Us. DOBRO ata rt 


D D 


ae 


The USR-320 is a hardwire, asyn- 
chronous, auto answer modem that op- 
erates in half and full duplex modes at 
data rates of up to 300 bps. The design 
uses integrated circuits, crystal con- 
trolled digital receiver and transmitter 
frequencies, and computer designed ac- 
tive filters, The unit comes with power 
supply and is housed in the desktop case 
shown. Connection to voice grade tele- 
phone lines is via a standard CBS-1001F 
Data Access Arrangement (DAA). The 
USR-320 is available with an EIA 
R5232C interface, a 20 mA current loop 
interface or both, The USR-330 with 
RS232C interface is priced at $185; 
with 20 mA current loop interface $185; 
and with RS232C and 20 mA current 
loop interfaces $195. Contact US 
Robotics Inc, POB 5502, Chicago IL 
60680." 
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Attention Surplus PDP-8 Owners 


An LED conversion kit for the 
PDP-8/E and PDP-8/L minicomputers 
is now available from Scientific Test 
Systems, POB 741, Wallingford CT 
06492, The kits are available to enable 
replacement of standard incandescent 
lamps used in the PDP-8/E and PDP-8/L 
with light emitting diodes, to eliminate 
the problem of burned out bulbs. The 
kits are complete with a set of direct 
replacement LEDs and instructions for 
modification of the front panel control 
board circuitry. The conversion kit 
for the PDP-8/E is priced at $39.95 and 
$69.95 for the PDP-8/L conversion kit,» 


Circle 629 on inquiry card. 


August 1978 © BYTE Publications Inc 


operate in full or half duplex mode, is 
directly TTL’ compatible, has three state 
data outputs, has a programmable syn- 
chronous word (character), contains de- 
tection and rejection of flag, abort and 
idle patterns, has zero insertion and re- 
jection, and an indication of overrun and 
underrun errors. The operation mode, 
data rate and synchronous character of 
the uPD379 can be changed through the 
use of external control. The uPD379 is 
priced at $16 in quantities over 100.8 
Circle 627 on inquiry card. 


Factory Tested 
Used Modems to Cut Data 
Communication Costs 


The availability of used ICC modems 
at prices significantly lower than new 
has been announced by the Special Offer 
Division of Racal-Milgo Inc, 8600 NW 
41st St, Miami FL 33166. According to 
the company, these modems have been 
factory tested, and are covered by the 
same warranty as new equipment. This 
includes one year for purchased units, 
and for the full term of units under 
lease. The used equipment available 
includes both medium and high speed 
modems, operating at data rates of 2000 
bps, 2400 bps, 3600 bps, 4800 bps, 
7200 bps, 9600 bps and 19.2 K bps. 
Current information on used modems 
and related equipment is available from 
the company.# 
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New Mode! 88-Modem 


The Model 88-Modem provides com- 
munications over either the switched 
telephone network or private lines at any 
software selected bps rates between 66 
and 600 bps. The modem is fully com- 
patible with Bell System type 103A 
modems and provides either half or full 
duplex operation. It is S-100 bus com- 
patible and includes a serial IO port and 
an originate or answer mode modem on 
one board. Features implemented in 
hardware include pulse code dialing in 
originate mode, automatic break and dis- 
connect, and dial tone detection. The 
modem includes an 8 pole transmit and 
3 pole receiver filter, self-test electronics, 
dial tone detection, filter as wel! as error 
detection electronics including parity, 
overrun, etc, The dial tone detection cir- 
cuit allows the dial tone to be positively 
identified prior to auto dialing of origi- 
nate calls, Extensive software is included 
with the 88-Modem including patches 
for MITS BASIC and North Star DOS 
version 3. The modem is available in kit 
or assembled form from International 
Data Systems Inc, 400 N Washington St, 
Suite 200, Falls Church VA 22046.« 
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Choice of Speeds in 
New Acoustic Coupler 


The Model AC-312 Acoustic Coupler 
from Digicom Data Products Inc, 1440 
Koll Cir, Suite 108, San Jose CA 95112, 
offers interchangeable high and low 
speed capability, field convertible from 
300 bps to 1200 bps, using CMOS elec- 
tronics. The unit accomplishes terminal 
to computer communication over dial 
telephane lines. It is Bell 202 half duplex 
compatible when configured for 1200 
bps operation, or Bell 103 compatible at 
300 bps configuration. The two in one 
concept permits users the flexibility of 
using the same desk styled enclosure for 
either 300 or 1200 bps operation by 
field-installing the relevant coupler elec- 
tronic board. Model AC-312 also has 
Western Electric compatible 5 bps re- 
verse channel capability. The AC-312 
single unit is $495 (1200 bps), Model 
AC-312 (300 bps) is $245. The Bell com- 
patible 202 electronic board for field 
upgrading to 1200 bps is $370. The 103 
series 300 bps board replacement is 
$150.8 
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IMAGINE HAVING 16K OF SOFTWARE ON LINE AT ALL TIME! 


KIT FEATURES: 


. Double sided PC board with solder 
mask and silk screen and gold plated 
contact fingers. 

. Selectable wait states. 

. Ar address lines & data lines buf- 
fered! 

. All sockets included. 

5. On card regulators. 

KIT INCLUDES ALL PARTS ANO 

SOCKETS (except 2708's). Add $25. tor 

assembled and tested. 


. Doubled sided PC Board with solder 
mesk and silk screen (layout. Gold 
hr contact fingers. 

$ Il sockets included. 

. Fully buffered on all address and 
datalines. | 

4. Phantom is jumper 

5 


7. 
. Four 7805 regulators are provided 
on card. (450NS) 


MOTOROLA QUAD OP - AMP 
MC 3401. PIN FOR PIN SUB 
FOR POPULAR LM 3800. 


3 FOR $1 


MOTOROLA 7805R VOLTAGE REGULATOR 
Same as standard 7805 except 750 MA output. 


10 for $3.95 
FULLY S-100 COMPATIBLE! 


T0—220. 5VDC output. 
44c each or 


OUR LATEST COMPUTER KIT! 


WHY THE 2114 RAM CHIP? 

We feel the 2114 will be the next industry 
standard RAM chip (like the 2102 was). 
This means price, availability, and 
quality will all be good! Next, the 2114 is 
FULLY STATIC! We feel this is the ONLY 
way to go on the S-100 Buss! We've all 
heard the HORROR stories about some 
Dynamic Ram Boards having trouble 
with DMA and FLOPPY DISC DRIVES. 
Who needs these kinds of problems? 
And finally, even among other 4K Static 
RAM's the 2114 stands out! Not ali 4K 
Static Rams are created equal! Some of 
the other 4K's have clocked chip enable 
lines and various timing windows Just as 
critical as Dynamic RAM's. Some of our 
competitor's 16K boards use those 
"tricky" devices. But not us! The 2114 is 
the ONLY logical choice for a trouble- 
tree, straightforward design. 


Z-80 PROGRAMMING MANUAL 


By Mostek. The major Z-80 second 
source. The most detailed explanation 
ever on the working of the Z-80 CPU 
CHIPS. At least one full page on each of 
the 158 2-80 instructions. A MUST] sct146D. House no. 


$-100 (Imsai/Altair| Buss Compatible! 


selectebin — to ! 


ALARM CLOCK CHIP 
N.S MM5375AA Six Digils. 
With full Data. Newt 


$1.95 each 69c 


450 NS! 


$15.75 ea. 


<$ 835900 
COMPLETE KIT 


SPECIAL 
INTRODUCTORY OFFER! 
Buy 2 KITS (32K; for $650 

450 NS 


Biank PC Board with Documentation 


$33.00 


LOW PROFILE SOCKET SET — $12.00 
ASSEMBLED & TESTED — ADD $30.00 


2114's 4K RAM's — 8 for $85.00 


HEAVY DUTY! 
Fult Wave Bridge 1 
25AMP SOPIV 


$1.25 


GE 10 AMP Triac 


Kemet. 


reference manual for any user of the Z-B0.| To-220 case. Rated 


300 pages. Just off the press. 


Digital Research. Corporation 


P. O. BOX 401247 * GARLAND, TEXAS 75040 ¢ (214) 271-2461 
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10 amps 4O0PIV. 
75c ea. 3/$2. 


FULL WAVE BRIDGE 
4 AMP. 200 PIV. 
10 FOR $5.75 


2708 EPROMS 
Now full speadl Prime naw units from a major U.S. Mfg. 450 N.S. 
Access tima, 1K x 8. Equiv. to 4-1702 A's in one package. 


Tantalum Capacitors 
MFD. 


Best Valuel 


74L573 — 49c 


TERMS: Orders under $15. sdd 75c. No COD's. We 
accept VISA, MasterCharge and American Express 
Cards. Money Back 
Residents add 5% Sales Tax. 


SPECIAL OFFER. — "^9 96955 


Our 2708's (450NS) arm $12.95 
when purchased with above kit. 


2 KITS FOR $279 


Fully Assembled & Burned (n 
$179.00 
Blank PC Board w/ Documentation 
$29.95 
Low Profile Socket Set 
Support IC's (TTL & Regulators) 
$9.75 
Bypass CAP's (Disc & Tantalums) 
$4.50 


NOT ASSOCIATED WITH DIGITAL 
RESEARCH OF CALIFORNIA, THE 
SUPPLIERS OF CPM SOFTWARE. 


4 FOR $50” 


FULLY STATIC, AT DYNAMIC PRICESI 


16K STATIC RAM KIT, 


1 Addressable as four separata 4K 
Blocks. 

2. ON BOARD BANK SELECT circuitry. 
(Cromemco Standard!) Aliows up to 
512K on line! 

3. Uses 2114 (450NS) 4K Static Rams. 
4, ON BOARD SELECTABLE WAIT 
STATES. 

5. Double sided PC Board, with solder 
mask and silk screened layout. Gold 
plated contact fingers. 


6. All address and data tines fully 


butfered. 

7. Kit includes ALL parts and sockets. 
8. PHANTOM is jumpered to PIN 67. 

9. LOW POWER: under 2amps TYPICAL 
from the *8 Volt Buss. 


10. Blank PC Board can be populated as 


any multiple of 4K. 


New! REAL TIME 
Computer Clock Chip 
N.S. MM5313. Features 
Axial Lead. | SOTH 7 segment and 

BCD outputs. 28 Pin 


10/$1. DIP. $4.95 with Data 
LS SERIES 


35V. By 


74LS00 — 33c 


74L5175—1.10 
74L5367—75c 
74L5368—85c 


Guarentee on all items! Texas 
WE PAY POSTAGE! 
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PRECUT WIRE 


WHY BUY WIRE ON ROLLS? 
PRECUT & STRIPPED WIRE I8: 


* Fam- No more cutting & stnpping by hand 
e Reliable - Good. clean, uniform strip 
* Economical - Chesper than using bulk wire 


Precut Wire Bulk Wire 
100 pes ol a1$ 82 » Swe 501 ron at $1 99. sen 
106 pcs oL 8^ ai ) OG « 2€. TOON rou at 205. — 3€. 
Wiranti at i695 213208 


a Jo Kynar sitipped 1° on sach eng Lengths ere overs 
Colors fied Bive Green Vattow, Blech Orange Whete 
Wwe pachaged in plastic begs Add 25¢/tength lor tubes 


tan 
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New Cosmac Super “ELF” 

RCA CMOS expandable to 64K microcomputer 
WIHEX keypad input and video output for graphics. 
Just turn on and start loading your program using 
the resident manitar on ROM, Pushbutton selec- 
lion of all four CPU modes. LED indicators of 
currant CPU mode and four CPU states. Single 
step op. for program debug. Built in pwr. supply. 


4K Elf Expansion Board Kit with Cassette I/F 


SOLDERLESS 
BREADBOARDS 
SK 10 $16.50 


INCLUDING: 

Over 100 piecas of precul wire 

In assorted lengths — frea! 
Chooselcolor Red, Black, Blue. 
Yallow. Green, While, Orange 1 
Or Assortment. 


INTERCONNECT CABLES 


Ribbon cable connectors lar Connecting boada 10 


rond paneis or board fo boma 


SINGLE ENDED 


With Free Wire Kit 1 
($6.95 Vatue) 


HOBBY WRAP 
Mode! BW 630 


Battenes & Charger 

WSU 30 Hand Wrap-Unwrap Sirip Toot 
WSU 30M lot Moartied Wrap 

ST 30 Extra Bit 


256 Bytes of RAM, audio amp. & spkr, Qetalled 
assy. man. w/PC board & all parts fully socketed. 
Comp. Kit $108.95. High address display option 
8.95; Low address display option 8.85; Cusiom 
hardwood cab.; drilled front panel 19.75; Micad 
Battery Backup Kit w/all parts 4.95; Fully wired & 
tested in cabinet 151.70. 1802 soltware club. 
10-12 pg. monthly publication 12.00 per yr. 


$79.95 


Available on board options: 1K super ROM monitor $19.95. Parallel L/O port $7.95. RS232 I/F $3.50. 


TTY 20 ma UF $1.95. 5-100 Memory VF $4.50. 


Tiny Basic for ANY 1802 System 
Cassette $10.00 
on ROM Monitor $38.00 


Super Elf owners take 30*0tl. 


Object coda listing or 
paper lapi wilh manual $5.50 


22"x&5" 


$11.00 
6.28 
7.25 
2.95 


8 mn 

14 pin 

16 pin 

18 pin 

20 pin 

* 22pn 


WIRE WRAP SOCKETS 


1024 25-99 100-249 250.998 


pom — 91 M 


25 pin ito 
28 pi^ 
40 pin 


125 
95 89 
1.50 


105 
140 


Gold 3-Level Closed Entry Oessign. 


DOUBLE ENDED 


EDGE CARD 
CONNECTOR 
SALE! 


*End & Side Stackable. 


44 Pin 
100 Pin 
100 Pin 


All prices include Gold. 
2 Lavel Sockets Also Available. 


S15/10 
$30ri0 
$30/10 


Solder Tail 
Solder Tail 
Wire Wrap 


$1.76 
3.50 
3.50 


All connectors inciude Goid. 


PAGE DIGITAL 
ELECTRONICS 


Ordering Information: 


Orders under $25 and COD's, add $2 


We accept Visa & Mastercharge 
Mos! orders shipped same day 


All others, shipped Ppa in U.S. vis UPS 
For Blue Label (Air) or 1st Cíass, add $1 


135 E. Chestnut Street 5 
Monrovia, California 91016 
Phone (213) 357-5005 


Dealer Inquiries Invited 


Same day shipment. First line 
parts only. Factory tested. 
Guaranteed money back. 
Quality IC's and other 
components at factory prices. 


INTEGRATED CIRCUITS 


MICROPROCESSOR mm 2250 
BOG KES 


OCKETS 
Seider Tia Law Profile 


x 
3 lem! mire wrap gold 


M pn 25 16 pen 2? 
2 lave M po ww 21 
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Aulo Clock Kit 

DC clock with 4-.80" displays. Uses National 
MA-1012 module with alarm option. includes 
light dimmer, crystal timabase PC boards. 
Fully reguiated, comp. instructs. Add $3.95 
lor beavtilut dark gray case. Best value any- 
wher. 


‘78 IC Update Master Manual 

1978 IC Update Master Manual $30.00 
Complets IC data selector 2175 pg. Master ref- 
erence quide. Over 42,000 cross references. 
Frae updale service through 1378. Domestic 
postage $3.50. Foreign $5.00. Final 1977 
Master closeout $15.00 


P.O. Box 4430X Santa Clara, CA 95054 
For will call only; (408) 988-1640 
2322 Walsh Ave. 


ELECTRONICS 


5858590055 
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Covater Kit 
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16K Static RAM board kit 
North Star Floppy Diak KH 
Additional Divs Kit 


Mode 150 Bus Grabber Ma — $359 00 


Video Modulator Kit $8.95 
Convert your TV $4! into a high quality monitor 
without sifecting normal usage. Complete kr 
with full instructions 


RCA CosmacVIP Kil $275.00 
Video computer with games and graphics. 


Sinclair 3% Digit Multimeter $52.15 
Batt oper. ImV and .1NA resolution. Resis- 
tance to 20 meg. 1% accuracy. Small. portable, 
completely assem. in case. 1 yr. guarantee 


PROM Eraser 


Ultraviolet, assembled 


TERMS: $5.00 min. order U.S Funds Calif residents add 6% las BankAmercard and Masier Charge accepled Shipping charges will be added on charge cards 
FREE Send for your copy of our NEW 1978 QUEST CATALOG) Include 28e stamp. 
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COMPUTER INTERFACES & PERIPHERALS 


For free catalog including parts lists and schematics, send a self-addressed stamped envelope. 


APPLE II SERIAL 1/0 
INTERFACE * 


Part no. 2 

Baud rate is continuously adjustable 

from 0 to 30,000 e Plugs into any periph- 

eral connector € Low current drain. RS- 

232 input and output e On board switch 

seleclable 5 to 8 data bits, 1 or 2 slop 

bits, and parity or no parity either odd or 

even © Jumper selectable address e 

SOFTWARE * input and Output routine 

from monitor or BASIC to teletype or other serial printer. 
* Program for using an Apple Il for a video or an intelli- 
gent terminal. Also can output in correspondence code 
to interlace with some selectrics. Board only — $15.00; 
wilh parts — $42.00; assembled and tested — $62.00. 


MODEM * 


Part no. 109 

e Type 103 e Full or half 

duplex * Works up to 300 

baud * Originate or Ans- 

wer @ No coils, only low 

cost components e TTL 

input and output-serial © 

Conneci 8 ohm speaker 

and crystal mic. directly to board e Uses XR FSK 
demodulator e Requires *5 volts e Board $7.60; 
with parts $27.50 


Part no. 6085 

* Board supplies a regulated +5 volts 
at 3 amps., +12, -12, and -5 volts at 
1 amp. * Power required is8 volts AC 
at 3 amps., and 24 volts AC C. T. at 1.5 
amps. e Board only $12.50; with 


TAPE INTERFACE * 


Part no. 111 

* Play and record Kansas 

City Standard tapes e 

Converts a low cost tape 

recorder to a digital re- 

corder e Works up to 1200 

baud * Digital in and out 

are TTL-serial e Output of 

board connects 1o mic. in 

of recorder € Earphone of 

recorder connects to input on board e No coils e 
Requires *5 volts, low power drain e Board $7.60; 
with parts $27.50 


TV. TYPEWRITER 


Part no. 106 

* Stand alone TVT 

* 32 char/line, 16 

lines, moditications 

lor 64 char/tine in- 

cluded è Parallel 

ASCII (TTL) input e 

Video output e 1K 

on board memory e 

Outpul for compu- 

ter controlled cur- 

Ser * Auto scroll e 

Non-destructive curser e Curser inputs: up, down, left, 
right, home, EOL, EOS © Scroll up, down © Requires +5 
volls at 1.5 amps, and -12 volts al 30 mA e All 7400, TTL 
chips e Char. gen. 2513 ¢ Upper case only * Board only 
$39.00; with parts $145 DO 


Part no. 112 

* Tape Interface Direct Memory Access e Record 
and play programs without bootstrap loader (no 
prom) has FSK encoder/decoder for direct con- 
nections to low cost recorder at 1200 baud rate, 
and direct connections for inputs and outputs to a 
digital recorder at any baud rate. e S-100 bus com- 
patible € Board only $35.00; with parts $110.00 


UART & BAUD RATE 
GENERATOR". 


Pan no. 101 

* Convens serial to parallel 

and parallel to serial e Low 

cost on board baud rale 

generator e Baud rates: 110, 

150, 300, 600, 1200, and 

2400 * Low power drain +5 

volts and -12 volls required 

e TTL compatible e All characters contain a start bit, 5 to 
8 data bits, 1 or 2 stop bils, and alther odd or even parity. 
* All connections go to a 44 pin gold plated edge connec- 
tor e Soard only $12.00; with paris $35.00 with connector 
add $300 


8K STATIC 
RAM 


Part no. 300 

© 8K Altair bus memory e 

Uses 2102 Static memory chips e Mem- 

ory protect e Gold contacts e Wait states e On 
board regulator e S-100 bus compatible e Vector 
input option € TRI state buffered € Board only 
$22.50; with parts $160.00 


RF MODULATOR * 


Part no. 107 

* Converts video to AM modu- 

lated RF, Channels 2 or 3. So 

powerful almost no tuníng is re- 

quired. On board regulated 

power supply makes this ex- 

tremely stable. Rated very 

highly in Doctor Dobbs' Journal. Recommended 
by Apple. e Power required is 12 volts AC C.T., or 
+5 volts DC © Board $7.60: with parts $13.50 


RS 232/TTY * 
INTERFACE 


Part no. 600 

e Converts RS-232 to 20mA 
current loop, and 20mA current 
loop to RS-232 © Two separate 
circuits e Requires +12 and -12 
volts * Board only $4.50, with 
parts $7.00 


RS 232/TTL* 
INTERFACE 


Part no. 232 

* Converts TTL to RS-232, 
and converts RS-232 to 
TTL e Two separate circuits 
e Requires -12 and +12 volts 
© All connections go to a 10 pin gold plated edge 
connector e Board only $4.50; with parts $7.00 
with connector add $2.00 


sme O 


Cue 
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ELECTRONIC SYSTEMS Dept. B, PO. Box 21638, San Jose, CA. USA 95157 


To Order: 


Mention pan number and description. For parts kits add "A" to parl number. In USA, shipping paid for orders accompanied by check, money order, or 
Master Charge, BankAmericard, or VISA number, expiration date and signature. Shipping charges added to C.O.D. orders. California residents add 6.5% 


tor tax. Outside USA add 10% for air mail postage, no C.O.D.'s Checks and money orders must be payable in US dollars. Parts kits include sockets for all 


m: E 
f mi 


Circle 125 on inquiry card. 


1Cs, components, and circuit board. Documentation is included wilh al! producis. All liems are in stock, and will be shipped the day order is received via 
first class mail Prices are in US dollars. No open accounts. To eliminate tariff in Canada boxes are marked "Computer Parts" Dealer inquiries invited. 
24 Hour Order Line: (408) 226-4064 


Æ Circuits designed by John Bell 
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Glitch Grabber Reduces Nolse, Glitches, Jitter on S-100 Bus 


A board interconnection device that 
reduces noise, glitches and jitter on the 


SERVICE!!! 


TIRED OF WAITING 2 MONTHS? 
National 
Diagnostics... con wenrr: 


Your equipment is ordinarily on la way 
home within 5 days of its arrival. 
SPECIALISTS IN SERVICIN: F: 


All $-100 Gut Micro Procemon b Penphersis, TTL Cir- 
cut, "Home Brew Projects”. other Micro Procemon. 


SALES 
NDD-380 5-100 Computer $325 
We mi! computer equipment from major manufacturer 
at the towest prices in N.Y.C. 


Wea also sell previeusly owned microcomputer: and peri- 
pharals ot super low prices. 


Wa are OPEN 7 DAYS A WEEK for the convenience of 
the hobby it and small butinessman, 


MON-FRI Bgm-7pm. SAT 10em.Spm, SUN 10am-2pm 


NATIONAL DIGITAL DIAGNOSTICS 
BO Sth AVENUE, RM. 1206 
NEW YORK, N.Y. 10011 
1212) 929-1694 


LEAR SIEGLER 
ADM-3A CRT 
TERMINAL MOS- 
TEK Z-80 DEV. 
SYSTEM; EMU- 
LATOR AND 
FLOPPY DISC. 
BEST OFFER. 


inquiries are to be directed to: 


AMERICAN DIGITAL 
DEVELOPMENT, INC. 


2483 Devon Avenue 
Eik Grove Village, Illinois 60007 
(312) 860-2980 


S-100 microcomputer bus has been 
announced by Extensys Corp, 380 
Bernardo Av, Mountain View CA 94040. 
Called the Extensys Glitch Grabber, 
the board helps to clean signals on the 
S-100 bus. The device provides glitch- 
free signals by applying analog tech- 
niques from transmission line analysis. 
It plugs into any open slot on the S-100 
bus and features a proprietary self-regu- 
lating transistor network that controls 
voltages. The electronics are activated 
only when the glitch is there, to mini- 
mize any effects on S-100 bus signals. 
The price is $79.50. 


Circle 547 on inquiry card. 


COMPUTER 
MART OF 
MASSACHUSETTS 


Featuring a wide variety of 
program development systems. 


XITAN[TDL] DISK BASIC $159 
Now available for Z-80 based 
systems running CP/M. 


Ask us about the new XITAN 
GENERAL. 


COMPUTER MART Of MASSACHSETTS 


1097 Lexington $t. Waltham, Ma. 02154 
1617] 899-4540 = 


Circle 74 on inquiry card. 


PROGRAMMERS 


Ground floor opportunities exist for 
self-starters. System Software design 
for a 64 bit main frame computer 
based on the architecture for the 
80's. Current openings exist in: 


© Language Translation 
© Operating System 
€ System Verification 


Call Mr. Jan Grondstra collect at 
(603) 882-1580 or, if you prefer, 
send your resume to his attention at 


Functional Automation, Inc. 
118 Northeastern Blvd. 
Nashua, NH 03060 


FUNCTIONAL 
AUTOMATION 


Circle 142 od inquiry card. 


Attention Chess Nuts 


The MACC-1 is a new companion to 
the Chess Challenger and is designed for 
advanced players. The unit will never 
play the same game twice and will not 
allow illegal moves including accidental 
moving into check. Jt does allow castling 
and pawn capture en passant. The pro- 
gramming concentrates heavily on im- 
proved end of game tactics and will not 
miss checkmate situations. Multiple 
levels of difficulty can be selected or 
changed at any time throughout the 
game. Chess problems may be set up 
quickly by telling the computer what 
pieces should be positioned, where they 
are to be placed, and the game starts 
from there. Any previous Chess Chalien- 

* ger may be upgraded to the MACC-1. 
This new unit Is priced at $250. Contact 
Fidelity Electronics Ltd, 5245 Diversey 
Av, Chicago IL 60639. 


Circle 548 on inquiry card, 


LSI-11 AND 6800 
64KB MEMORIES 


CI-1103 — 8K words to 32K words in a 
single option slot. Plugs directly into LSI 
11, LSI 11/2, H11 & POP 1103. Address- 
able in 2K Increments up to 128K. BK x 16 
$390.00. 32K x 16 $995.00 qty. one. 


Ci-6800 — 16KB to 64KB on a single 
board. Plugs directly into Motorola's 
EXORcisor and compatible with the eval- 
uation modules. Addressable in 4K in- 
crements up to 64K. 16KB $390.00. 
64KB $995.00. 


Cl-8080 — 16KB to 64KB on a single 
board. Plugs directly Into Intel's MDS 
800 and SBC 80/10. Addressable in 2K 
increments up to 64K. 16KB $390.00. 
64KB $995.00. 


Tested and burned-in. Full year warranty 


i ,Chrislin Industries, Inc. 


Computer Products Division 
31312 Via Colinas e Westlake Village, CA 91381 


mU 


MICROPRINTER 


by Centronics 


$395 
En $339 


Have Hard Copy on your system at this 
amazing low price with all these festures: 
150 lines per minute regardless of line 
length 
80 characters par line 
96 character set — upper and lower 
case 
High reliability — only 4 moving parts 
Lightweight — 10 lbs, desk-top size 
Model PI — parallel interface, TTL — $339 
Model S! — saria! RS232C, to 9600 baud 
— $468 
NJ Residents add 5% tax. 
Send money order or certified check to: 
Kalin Associates 
6S Riverview Terrace 
Betle Mead, NJ 08502 (201) 874-4070 


Quantity discounts available. 


The EW-2001 ^ 


“Smart” VIDEO BOARD 
KIT At A “Dumb” Price! 


A VIDEO BOARD + A MEMORY BOARD + AN I/O BOARD — ALL IN ONE! 


= STATE OF THE ART TECHNOLOGY USING DEDICATED MICROPROCESSOR I.C. 
1" NUMBER OF I.C.s REDUCED BY 50% FOR HIGHER RELIABILITY = MASTER PIECE 
OF ENGINEERING a FULLY SOFTWARE CONTROLLED 


SPECIAL FEATURES: 
m S-100 bus compatible 
m Parallel keyboard port 


ma On board 4K screen memory 
(optional)* relocatable to main 
computer memory 


Text editing capabilities (soft- 
ware optional) 


Scrolling: up and down through 
video memory 


Blinking characters 
Reversed video 
Provision for on board ROM 


CRT and video controls fully 
programmable (European TV) 


8080 SUPPORT 


= Programmable no. of scan lines 
Underline blinking cursor 


u Cursor controls: up, down, left, 
right, home, carriage return 


a Composite video 


*Min. 2K required for operation of this board. 


DISPLAY FEATURES: 


= 128 displayable ASCII charact- 
ers (upper and lower case alpha- 
numeric, controls) 


a 64 or 32 characters per line 
(jumper selectable) 
w 32 or 16 lines 
(jumper selectable) 
W Screen capacity 2048 or 512 
a Character generation: 
7 x 11 dot matrix 


$199.95 


Priced at ONLY Basic Software Included 


OPTIONS: 


2K Static Memory 
(with Sockets) 


4K Static Memory 
(with Sockets) 


Complete unit, assembled 
and tested with 
Memory 
Basic software on ROM . 


Text editor on ROM .... 


$45.00 
$90.00 
$335.00 


$20.00 
$75.00 


DEALER 
INQUIRIES WELCOMED 


ASCII sra GENERATION | *9N-Y 


RAM = 2114 


1Kx4 450ns 
$8.00 
1/4W RESISTOR 
10 Ohm — 1.5m 


$1.75/100 
of one value 


RIBBON CABLE 
32 Conductor 


26 AWG — $.60/Foot 


MINIATURE 
Slide Switch 
DPDT 
$.15; 10/$1.00 


1 Pole 10 Pos. 
ROTARY 
SWITCH 

3 for $1.00 


HEXADECIMAL 
LABEL KEYBOARD 


— Matrix coded output 

— Interfaces with 74C922 
for binary code 

— Zero bounce 

— Est. life: 100 million 

— Remove back to stick on 


1 Pole 8 Pos. 
TO5 Miniature 
Rotary Switch 

3 for $1.00 


Push Button 
Momentary 
Switch 
3 for $1.00 


SHIPPING: Keyboard and Video Board: $3.50; others: $1.25 
Callfornia residents add 6% sales tax 


ELECTRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. 


— REDONDO BEACH, CA. 90278 | 
TEL. (213) 376-8005 @ 


WRITE FOR FREE CATALOG 
Minimum Order: $10 


Circle 130 on inquiry card. 


KEYBOARD KIT 968.00 


TTL Logic Circuits 
Power: *5V 275mA 
Upper and Lower Case 


Full ASCII Set (Alpha 
Numeric, Symbols, 
Control) 


7 or 8 Bits Parallel Data 
Optional Serial Output 


Selectable Positive or 
Negative Strobe, and 
Strobe Pulse Width 


*N' Key Roll-Over 
Fully Debounced 
Carriage Return Key 
Repeat Function Key 
Shift Lock, 2 Shift Keys 
4 User Defineable Keys 


P.C. Board Size: 
17-3/16" x 5" 


OPTIONS: 

= Metal Enclosure 
Painted IBM Blue 
and White) 
18 Pin Edge Con. $2.00 
L.C. Sockets $4.00 
Serial Output (Shift 
Register) $2.00 

a Upper Case Lock 
Switch for Capital 
Letters and 
Numbers 


$25.00 


$2.00 


KIT INCLUDES: Keyboard, 
P.C. Board, all required com- 
ponents & assembly manual. 


NOTE: If you have this 63 
Key Teletype Keyboard you 
can buy the Kit without it 
for only $44.95. 
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DMA Interface for LSI-11 and 
LSI-11/2 


NS Hi \ 
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a 103 
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This general purpose DMA interface 
card is now available from Computer 


ASCII Keyboard in Kit or Assembled 


The Model 756 ASCII keyboard 
provides encoding for all 128 ASCII 
characters and control functions. Uti- 
lizing KBM Series keyswitches and low 
power MOS encoder circuitry, Model 
756 is designed to bridge the gap be- 


Video Terminal Board for Intel 
and National Computers 


The Datacube VT 103 Video Ter- 
minal Board interfaces directly to the 
system bus of the Intel SBC 80 Series 
and National BLC 80 Series. The board 
provides a 96 character "ASCII subset 


August 1978 © BYTE Publications Inc 


Technology, 6043 Lawton Av, Oakland 
CA 94618. The card features the follow- 
ing: dual height card (8.5 by 5 inches 
or 22 by 13 cm); bootstrap facility pro- 
vided for the user's programmable read 
only memory; ease of interfacing to the 
user's device by means of a buffered bi- 
directional data bus; allows direct pro- 
grammed IO with five 16 bit read and 
write registers in the user's device; 
handles byte or word transfers at rates 
up to 400 K transfers per second; 
handles extended addressing up to 128 K 
words; burst mode capability; useful 
with floppy or hard disk controllers, line 
printers, interprocessor communication, 
data acquisition and many other high 
performance applications. Priced at $495 
from Computer Technology.a 
Circle 584 on inquiry card. 


tween stripped down basic keyboards 
and custom models. Accessories include 
a numeric pad, custom cables and 
connectors. The new 702 enclosure 
features all steel construction and is 
supplied in a wrinkle finish to match 
modern hardware design. The interface 
allows user selection of parity, positive 
or negative logic data and strobe out- 
puts, alpha lock operation and both 
DC level and pulse strobe signals. A 
latching shift lock key is included and 
all outputs are TTL DTL MOS com- 
patible. The 756 carries a 90 day war- 
ranty. The price for the Model 756 kit 
is $64.95. The assembled and tested 
model retails for $75.95. The matching 
enclosure, Model 702, is $29.95. Contact 
George Risk Industries Inc, GR! Plaza, 
Kimball NB 69145.8 


Circle 585 on inquiry card. 


in seven by nine font in a 64 character 
by 16 line format as a video signal to 
drive an external monitor. The board is 
addressed as an IO device and the device 
code programming is switch selectable. 
The unit provides direct cursor address- 
ing and 11 other cursor control func- 
tions. The Datacube VT 103 has an 
input port for an optional external 
keyboard. Use of the keyboard can re- 
place a Teletype or other terminals in 
many applications. Inputs for a strobe 
and seven data lines are provided at a 
26 pin PC edge connector along with 
a +5 and —12 V from the system bus for 
keyboard power. The composite video 
can drive a 75 ohm coaxial cable with 
a 1.4 V peak to peak signal and meets 
RS420 standards. The board sells for 
$275 in lots of 100 and can be obtained 
from Datacube/SMK-1, 670 Main St, 
Reading MA 01867.8 
Circa 586 on inquiry card. 


Complete Monolithic 10 Bit Analog 
to Digital Converter 


ADSTS 10 BIT ADC RITH AUTOMATIC 24TATE OUTPUTS 
FOR SOLE LPA CONTROL 


This complete, 10 bit monolithic 
analog to digital converter combines 
linear and digital circuitry on a singíe 
integrated circuit chip. The ADS7i 
is produced using the integrated- 
injection logic (I2L) technique which 
allows very high circuit densities to be 
fabricated on a single chip. The ADS71 
is also the first monolithic analog to 
digital converter to be laser wafer 
trimmed. The converter uses the suc- 
cessive approximation technique and 
includes a DAC, voltage reference, clock, 
comparator, successive approximation 
register and output buffer on a 120 by 
150 mil (30 mm by 38 mm) chip. The 
device executes a complete conversion 
to 10 bit accuracy +1/2 lsb in 25 gus 
over the specified temperature range. 
The AD571 is available in three versions. 
For fully guaranteed 10 bit performance 
at 25° the least expensive is the | 
version. The K version provides 10 bit 
accuracy over the commerical temper- 
ature range of 0 thru 70°C. If you need 
a 755 to +125 'C temperature range, the 
S version is your choice. ADS71 is 
priced in 100s at $24, $35 and $60 for 
the ], K and S respectively. Contact 
Analog Devices Semiconductor, 829 
Woburn St, Wilmington MA 01887. 


Circle 587 on inquiry card. 


Where Do New Product Items 
Come From? 


The information printed in the 
new products pages of BYTE ls 
obtained from "new product" or 
“press release" copy sent by the 
promoters of new products. If in 
our judgment the neat new whiz- 
bang gizmo or save the world 
software pachage is of interest 
to the personal computing experi- 
menters and homebrewers who 
read BYTE, we print the informa- 
tion in some form. We openly 
solicit such information from 
manufacturers and suppliers to 
this marketplace, The information 
és printed more or less as a first in 
first out queue, subject to oc- 
casional priority modifications. 


DIODES/ZENERS 


1N914 
1N4^05 
1N4007 
1N4148 
1N4733 
1N753A 
1N758A 
1N759A 
1N5243 
1N5244B 
1N5245B 


100v 
600v 
1000v 
75v 
5.1v 
6.2v 
10v 
12v 
13v 
14v 
15v 


C MOS 
4000 
4001 
4002 
4004 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4030 
4033 
4034 
4035 
4040 
4041 
4042 
4043 
4044 
4046 
4049 
4050 
4066 

4069/74 C04 
4071 
4081 
4082 

Mc 14409 

MC 14419 
4511 95 
740151 1.90 


9000 SERIES 


85 — 95H03 
9309 .35 9601 20 
9322  .65 9602 .45 
MICRO'S, RAMS, CPU'S, 
E-PROMS 
300 } 8214 
4.50 | 8224 
3.00 | 8228 
350 | 8251 
145 | 8255 
135 | 8T13 
9.50 | 8T23 
395 | 8T24 200 
395 | 8T97 1.00 
21078-4 4.95 
2708 — 9.50 
280 PIO 8.50 


15 
15 
.20 
3.95 
-95 
.20 
.75 
.35 
35 
20 
.20 
40 
75 
75 
.35 
25 
76 
35 
.85 
25 
25 
.20 
Was) 
20 
1.85 
3b 
45 
35 
1.50 
2.45 
5 
35 
69 
65 
.50 
.65 
1.25 
.45 
.45 
.55 
.25 
.25 
.30 
.30 
14.50 
4.85 


9301 1.10 


8.95 
3.25 
6.00 
8.50 
10.50 
1.50 
1.50 


748188 
1702A 
MM5314 
MM5316 
2102-1 
2102L-1 
2114 
TR1602B 
TMS 4044- 


8080 
8212 


Circle 180 on inquiry card. 


10mA 
1A 
1A 
TOMA 
1 W Zener 
500 mW Zener . 


" 


8-pin 
14-pin 
16-pin 
18-pin 
22-pin 
24-pin 
28-pin 
40-pin 
Molex 


pcb 
pcb 
peb 
pcb 
pcb 
pcb 
pcb 
pcb 


pins 


2 Amp Bridge 


25 Amp Bridge 


MCT2 
8038 

LM201 
LM301 
LM308 (vini) — .95 
LM308H .65 
LM309K (3405-5185 
LM310 .85 
LM311D(wvin) .75 
LM318 (uin) 1.75 
LM320K 5/79051.65 
LM320K 12 1.65 


95 
3.95 
5 
.45 


INTEGRATED CIRCUITS UNLIMITED 


01 


.20 
.20 
.20 
25 
35 
35 
45 
.50 


100-prv 
200-prv 


T 
74176 
74180 
74181 

74182 
74190 
74191 

74192 
74193 
74194 
74195 
74196 
74197 
74198 
74221 

74367 


75108A 
75491 
75492 


74H00 
74H01 
74H04 
74H05 
74H08 
74H10 
74H11 
74H15 
74H20 
74H21 
74H22 
74H30 
74H40 
74H50 
74H51 
74H52 
74H53J 
74H55 


LINEARS, REGULATORS, etc. 
LM340K 15 
LM340K 18 
LM340K24 


LM320T5 
LM320T12 
LM320T 15 
LM324N 
LM339 
7805 (34075) 
LM340T12 
LM340T15 
LM340T18 
LM340T24 
LM340K12 


SOCKETS/BRIDGES 


To-3 Sockets 


T 


1.65 
1.65 
1.65 
1.25 
75 
95 
95 
95 
95 
95 
1.25 


TRANSISTORS, LEDS, etc. 


2N2222 
2N2907 
2N3906 
2N3904 
2N3054 
2N3055 
T1P125 


NPN (2N2222 Plastic .10) 
PNP 
PNP {Plastic - Unmarked) 
NPN (Plastic - Unmarked) 
NPN 

154 60v 


PNP arlington 


LED Green, Red, Clear, Yellow 


D.L.747 
MAN72 
MAN3610 
MAN82A 
MAN744 
FND359 


74H72 

74H101 
74H103 
74H106 


74L00 
74L02 
74L03 
74L04 
74L10 
74L20 
74L30 
74L47 
74L51 
74L55 
74L72 
74L73 
74L74 
74L75 
74L93 
74L123 


74800 
74802 
74503 
74804 
74505 
74808 
74810 
74811 
74820 
74840 
74850 
74851 
74564 
74874 
748112 
748114 


78L05 
78L12 
78L15 
78M05 
LM373 


LM380 (8-14 PIN) .95 
LM709 (8,14 PIN).25 


LM711 


7 seg 5/8" High com-anode 
7 seg com-anode (Red) 

? seg com-anode (Orange) 
7 seg com-anoda (Yellow) 
7 seg com-cathode (Red} 

7 seg com-cathode (Red! 


748133 
745140 
745151 
745153 
748157 
745158 
745194 


74L500 
74LS01 
74LS02 
741504 
74L505 
74L508 
74L509 
74LS10 
74L811 
74LS20 
74LS21 
74LS22 
74,832 
74L537 
74LS38 
74LS40 
74L842 
74LS51 
74L574 
74LS86 
74LS90 
74LS93 
74LS107 
74L$123 
74ALS151 
74L$153 
74L8157 
74LS164 
7418193 
' 74L$367 
74LS368 


1.25 
1.25 
1.25 
25 
35 
35 
75 
2.95 


LM723 
LM725N 
LM739 


LM747 
LM1307 
LM1458 
LM3900 
LM75451 
NE555 
NEB556 
NE565 
NE566 
NE567 


45 


7889 Clairemont Mesa Boulevard, San Diego, California 92111 
(714) 278-4394 (Calif. Res.) 


All orders shipped prepaid 
Open accounts invited 


Discounts available at OEM Quantities 
All IC's Prime/Guaranteed. All orders shipped same day received. 


24 Hour Toll Free Phone 1-800-854-2211 


No minimum 


COD orders accepted 
California Residents add 6% Sales Tax 


1.05 


745257 (8123) 1.05 


.20 
.20 
.20 
.20 
.25 
.25 
.25 
.25 
.25 
.20 
.25 
25 
.25 
25 
.35 
-30 
-65 
35 
35 
35 
55 
55 
40 
1.00 
75 
75 
45 
1.00 
.85 
76 
.65 


40 
2.50 
1.50 


LM741 (8-14) .25 


1.10 
1.25 
65 
.50 
.65 
.35 
.85 
.95 
1.25 
95 


SPECIAL 
DISCOUNTS 


Total Order 
$35 - $99 
$100 - $300 
$301 - $1000 


Deduct 
10% 
15% 
20% 


American Express / BankAmericard / Visa / MasterCharge 
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" SPECIFICATIONS: 


ELPAC 
POWER 
SUPPLIES 


Completely Assembiad 


185-125/2 10-288 Vae, 47-449 Hz lapet: 
20.1% 


Ling Regutatsoe. 


Load Aagquisiion 
CQutpul Ripple and Notse 


InputrOutput Isolation 1i 


Short Cincut Current 


PART ND. 


SOLV15-5* 
SOLV1S-12* 
SOLV30-5 
| 90LV30-12 
oer 


ov? 
"SOLVIS-5, 12 Includes 


0, 1480-foad to rated toad 
20. 1%B-p,d¢ to 10 MHz 


100 magohm dc, 900 Vac 


35% rated current 


RATINGS 


WATTS 
15 
1$ 
E: 
30 


VOLTS 
5 
12 
5 
12 


Mb theron lor SOLV30-5,-12 


NEW! BULB-ENERGY SAVER 


x 
n 
LL 


wo 


more thoes tonger 
Fan Standard Socket 
6 watis lo 200 watts. 


1-9 


BES-1 1. 39 ta. 


-a CRYSTALS | 


T. THERE FREQUEMCIES ONLY 
FREQUENCY 


-Q0 


PART NO.” 
CYIA 
cy! B4 
CY2A 
(I2 01 
cy2.50 
Qu.27 
(Y3.57 
CY3A 
v4.9 
CYTA 
CY5.18 
CY 14 
Cv6.40 
CY6.55 
CY 12A 
CY MA 
CY 19A 
Cv18 43 
CY22A 
CY30A 


104 
1.20 


1 000MH2 


1.8432MHe 


2.000MHz 
2 QI0MMz 
2.500MHz 


3.2758MM: 
3,5790545MHz 


4.000Mtz 
4 916MHz 
5.000MHz 
5 185MH: 
6 144MHz 
6 400MHz 
6 5535MH, 


10 000MHz 
14 31818MH; 
18 000MHz 
18 432MHz 
20.000MM? 
32 000MHz 


BULB-INERGY SAVERS ugeg lor years by 
maos dusia) users — now available for 
hone oF lcs vae. Bulb Savirs Can cut sie- 
arcal biis Dy ji much gi 2. 
BULB-SAVEAS ipngthans bhi ile by 

1 Acte (i wn Wecinca — vhock BosoibEr | 
iurng the bad on siowiy, thamini the 
"armai Wook”. Bul Ba lncrgases 300 par- 
cent 

2 Bamgnes Curto Surges Cushions ine 
VOR nagas whan otter loads Of powtr 


J Reduces Energy Cotsomphon 


= 


CASE PR 
HC33 
HC33 
HC33 
HC33 
HC33 
HC33 
C33 
HC 
HC1B 
HC18 
HC18 
HC18 
HCi8 

H HC18 

HC18 

HC1B 

HC18 

HC18 

HC18 


ELE 
$2598558595585555 


TRIMMERS 


10MM 
Pan No. 


TR-t1{vatve).35 — .30 


size trimmers -.394" Dia. 
1-9 10-24 25-49 100+ 
2 2 


 TRIMPOTS 


e-Turn 1/2 Watt 


Square - Top Adjust - 3/8* Siza 


Part Me. 
G3Pivalus) 99 89  .80 


8-89 
70 


1-9 10-24 28-49 


Passtitcs Values - 50. 100, $00.18 2% SA, IDK 208. 50%. 100K 200K. SOK. I meg 


Rectangular Side Adjust 3/4" x 1/4" Size 


Part No. 
43P(value) 1.35 1.25 1.20 


Rarestanoe Vio - SO. 100. 500. IK. 7X, SK, 10k, 20K, SOK, 100K, 200, 500K, 1 o 


1/16 VECTOR BOARD 


PLUG 
SOCKET 
Cover for D825 P or S 


OB26F(as pietu 
DB258 
D851226-1 


1$ 


red) 


M-530-1 
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-Turn 3/4 Watt 


1-9 10-24 25-49 50-99 
1.15 


CO 


si 


rv ry YS 
EEEESESE c. 
a e ae 

CEET ET EEE 
pean-u- © 
peerage | 


25 Pin-D Subminiature 


$3.25 
4.95 
3.75 


$1,95/100 pins 
(minimum order] 


$16.00/1000 pins 


CONNECTORS 


His 

$858 g3 
Resa Sto 
85855585525 


MATIS (UPDA 16) 16x 
TMSADAAASNL — 4X 


DYNAMIC 16 PN 
STATIC 


aowi 
251342140) — Character Gonario (upper Case) 


SPECIAL REQUESTED ITE 
ICM Ours NAOS READ OWY 


MS $2495 ory 
(MIN — 15 — MONS $35 umo us TA 
rat 1 
eur 
Lr 


1CM7201 0 MCMESTA 1350 
uu 


AY-5-9100 $14 95 
Av-$-9200 0495 
AV-5-9900 495 
AV-5-2376 14 9$ 1097209 
nOQ165 ?95 


racer? 35 ino Dio aad 2 01v "— | 
PARATRONICS 


Logic Analyzer Kit 
Mode! 100A 


$229.00/kit 


» Analyzes any type ot digital system 

je Checks data rates in excess ol 8 

milhon words per second 

Trouble shoot TTL. CMOS. OTL. RTL, 

Schottky and MOS famihes 

Displays 16 logic states up to 8 digits wide 

See ones and zeros displayed on your 

CRT. octal or hexadecimal format 

e Tests circuits under actual operating conditions 

» Easy lo assemble — comes with step-by-step construction 
manual which includes 80 pages on logic analyzer operation 


(Model 100A Manual - $4.95) 


XMIZ — 1995 MCM6S7S 1350 


e Some applications are 

— Troubleshooting microprocessor 
address. instruction, and data flow 

— Examine contents o! ROMS 

— Tracing operation ot control logic 

— Checking counter and shift 
register operaban 

— Momtonng 1/0 sequences 

— Veritying proper system operations 
during testing 


LI 


100 MHz 8-Digit Counter 
* 20 Hr-100 Miz Range e four power sources. +e 
e S LEO Dispor battenes, 110 or 220N wiih 
© Crymisl-controfied Wnabast charger 12V. with auto 
5 Faly Autor: 
a Pornatie — compa 
se -contaned 
o $n — tre 
:58Y 


e tm, 1V2 Q 1 eben «eteluton 
© Üvtranga reading 

a tO meg pat mpendence 

© DC Accuracy t*s lypicat 
Ranges: DC Voltage - 0-1000V 
AC vonage 0-1000v 

keq Repoma 50400 HZ 
DC/AC Curren 0-100 
Amsatence 0 10 meg onm 
Ste GH de 7 


Mode! 2800 Accessories: 
$99.95 AC Adapter BC-28 $9.00 


iem eure mus — Ratiertes BP-26 20.00 
ane spare ivre Carrying Case LC-28 7.50 


63-Key Unencoded KEYBOARDS Hexadecimal Encoder 


ACCESSORIES FOR MAX 100: 
Medel 190 — CLA $9.95 


uu $10. AC Model 160 — CAI 83.95 


This is a 63-key, termina! keyboard newly 
manufactured by a larga computer manufac- 
turer, It is unencoded with SPST keys, unat- 
tached to any kind of PC board. A very solid 
molded plastic 13 x 4" base suits most applica- ABCDEF and 2 optional keys and a 
lion. IN STOCK $29.95/each shift key. $10.95/each 


$5.00 Minimum Order — U.S. Funds Only Spec Sheets — 264 
California Residents — Add 6% Sales Tax 1978A Catalog Available Sand 354 stamp 
LCOME 


DEP E EET 
ameco ; 
ELECTRONICS (415) 592-8097 
MAIL ORDER ELECTRONICS — WORLDWIDE 


* emen vC HLAUS VUÉCTW UNICI v au 
1021 HOWARD AVENUE, SAN CARLOS, CA 84070 
Advertised Prices Good Thro Augusi 


19-key pad Includes 1-10 keys, 


PHONE 
ORDERS 


[he incredible 


The Pourprwhistia 183 5 capable o! recording datz tc and bron boo ope without 
hc speed nequinements for Gur recorder ang a n able to communes tinictir 
with poothar mode and tren for ione hamming” and communicihons: 
Tot the daw. In addition, d eg tree of critica’ adiumenta pnd es bull ah non pepcitaon, 


* 


» Jaynchronous Saras (eetuen to mark rel neuer: 
between mach characte) 
++ 2028 Hi lor space. 2225 Hy dat mart 
. Swfich wetectable Low (normal) = 1070 space 
1270 mar Heg = (25 apace 2225 nah 
AG dim accousteatly coupled 
15 dbm nomial Adpusiábia tom -B dom 
Ip -20 tbm 
. Feaquency reterenca aulamatically JOnt 1o 
Sow lot optiatuptt burwen LKKI Hz and 2400 Hr 
EHA RS-2376 or 20 mA curren loop [reewerr a 
aptos and non polar) 
« 120 VAC, sangle chos. 10 wam 
AM enmpananti mownt nr & magia $^ by 3* 
pend icut bord AM componant wcludid 
Recurs a VOM. Aude Daciam. frequinty Counter and/or Otoflotcoos to eon. 


the 3" Hand 


$9.95 each 


ET m two hands free for 
working 
* Clamps on edge o! bench, table 
or work bench 
* Position board on angla or fal 
position for soldering or clipping 
i $ * Sturdy, aluminum construction 
lor hobbyist, manulacturer or 
school rooms 


DIGITAL STOPWATCH 


» Brood 6 Dept LED 
» Tenes 1o 36 eno 99 59 seconda 
o Cryn Console Tene Base 
» Thera Stopwatches i One 
Times Singha Event — Spit L Taylor 
a Sp45 2295 2 90 (oven 
e Uses 3 Pontes Cuts 

$39.95 


Assembled — $49.95 
Heavy Duty Carry Case $5.95 


Stop Watch Chip Only (7205) — $19.95 


ap, —_ DPM KIT 


[- E. 


e New Bipolar Unit e Auto onl 
e Auto Zeroing e Low Power 
e .5° LED e Single IC Unit 


Model KB500 DPM Kit $49.00 
Mode! K8503 5V Power Kil $17.50 


JE700 cLock 


The JETON ox a tome CINE hill Clock. Dui 
t» acere Gh quay urat The eid ir 
BES a Vimunaled manui Case wtf s 
mensem G6 a": at Ikuta 
MANE ign Drsghtres readout a^! Ihe 
MILT clock chip 


nsw  Krowv $16.95 
JE803 probe 


‘Te Loge Prove t3 d unat wE of Tor Yee eos par 
WORDEN Dle n trova horing loge Luror 
Mi On RIL CMOS n droves the poeri d 
^te1 Wo Operate Dechy oft ol the cecu unde 
Rest drawing a scant 10 mA mae Nuset d MAN) 
(E3004 10 CENT ayy oi he fotowsk] SUM Dy 
Vete symbors iHi. ta OWI e (PULSÉ) P Inr 
Probe can detect hh l'niqumcy putters Yo 45 MY 
$t t26 1 de used af MOS wt oF Ortod damage 
n nan 


$9.95 Per Kit 


printed circuit board 


TAL 5V 1A A Supply owt 


Tha ek à standard IT], power tapphy 

LOBOS aputa IC o prre 2 per 1 RP o curd 5 
voy Ws bry Ko rait Mangs easy KY yov. by proves 
everything you fied mons package inciuóing e hariwant 


‘wow JE225 $9.95 Per Kit 


=] — 


— — — 


PROTO SOARD 6 
$15.95 
Tiong X 4" wide) 


PROTO BOARDS 


PB100 - 4.5" x 6" 
PB101 - 5.8 x 4.5" 
P8102 - 7" x 4.5" 
PRIN -9"xB" 58.95 
PB104 - 8.5" x B" 7985 
| P3203-9.75 468 x23. 80.00 


PB203^ - 8.75 x GY x 2% 129.95 
Lenia omer Lent 


PROTO CLIPS 
14 PIN 54.50 
16 PIN 4.78 
24 PIN 8.50 
40 Pin 13.7 


$ 189.95 
29.95 
39.95: 


Circle 200 on inquiry card, 


7400 TTL 


SHTIM 
SAT 
SHIATAN, 


pugs55a20Sa282322555958552885f565 


geseeekesses 


-= 


LMAN 
1M)19N. 

L MIR 5 
1MINA S 2 
LOC 12 
1MJNR 15 
AMOR 16 
LMAO" 0 
AMIO 5 
LM3200 57 
1932014 
LMI 12 
UM320T 15 
AMG20I 1 
LIIT 28 
LURI -5 
1M324« 
1M3390 
AMMIS-5 
MNO 6 
Unis 
LMH Y? 
x MIR 1$ 
LM. 1 


-—————————À—————m 


PDRIPEDEPPRERLEDRDDORPPEPETIPBLETIII 


esgssosUUSUUUSSgUISOUUDO 


Tas 
i518 


SAVISSsSeauee 


SRSAISRE 


PRSSYVESSRARASSS SSSSRSKESSSSUSYE 


Sasakareacs 74d 


Beeseecszss 


Circie 200 on inquiry card. 


porrer gnen 


SHIUN 
Sut 
Syr ag» 
SNT4AUM4N 
SuT41958. 
SNT41965N 
SNT4197K. 
$N74198N. 
$N74199N 
SH? 4200M 


“wee 


wun 
RESTSSRRAABSSSSSTSSSRIVRSSASSVASABUSSRSEseeas 


wich aang 
MEISI 
MEILI 
MC 
MC 12506 
MCOT 
MCTASED 
C1458) 


LMT) HN 
1MTATM. 
UNTER 
iM 
AM 74a 
4MI1303N 
LM IOL 
LM IOSH 
MTID 
LMHISON 
M3s 
AMEN 
AMHSBCN M 
MCHA 
MC1469 
1M14964 
Uw TSS6V 


SSSSRAREUESSRBARBSSESSARSSS SRRASSOsssssesrsaL 


Seesrezseesassaesasassss Md 


BUGBOOK® 


Continuing Educibon Senes 
re 


m 


1h 


enh Berens yiri VAM iP MS ler rt md bow ovi 4. invo ara ova 
MO wires dizi Mchhqur) vquibde ded qug MI IP ready da o 
Lath ll iodine) PORN OOA MEENA nd corro Orat dirt) 
BTL Cételi fw Ue NOTA eb AESOB PEIG, rule ME 
etw faoc. 


IUCTQR $ MANUAL EE 
Wr wrviruthO Ui Agbon | end H Arrear erue grae 
Senpirabnes loi honus supo] phéptopny el NON DBE M 
deis gucci rude Sor wf ache rovs 
DP AMP MANUAL by Power M taria WIRE EY] 
An amperes garda tà. pacaan WP operational mode Dei Z3 mien 
mee qo a ghassa ai De Ami 
[T] [X 


MON) nerpa Orb A pipan la eri Monae ame Roan foodies] 


M" da 


KE 1 asd uU T 
hy Erie N Bt. best D. Loraas. Wb) 


Sli ma a 32 acte fu hoch clit tob. VO gapen Daire 12 INA) 
3e rats a ba afi raed on ivy dtu TAL lege CIS to ede Put wh Di. 
Ain wf CRETIQIAOTTA SER Y js 8 MIT ind Pha Ra COAL p 
ple Man Ambag paira "o mes uerdi bear CeO: Rare 
fur) Miia LED inus RUM y BON «axi mut mech ma 


Wanton te 35.00 


iy ii & fue, Bv li. Lorum, WMT 


Vo, Nes aet vadu yia 16 Hh Lathe DART cp — IU jh enwcrürr 
mint betwen fig lem ml and yOu! Crepe Wa COTY, 
purni Mobi, ong ma BA HUC reg saralari Plevier ancoan 
pose 


de aw IT 


ILE 
ty Por A Ran, Gon G Lares, WANTI, pma A. Thr 


Hips a aed IB putt 4 1S peres Besse Aee meo ivalsia kc 
there M8 2 MV UH agant i wach the roter conptetéy ragione 

yir ttu. 
Fora eh Be RIGAQOAA V t rrcso mq weh BUCBXOR IN 


ued $19.00 par sat 
by Drea B. Laras, Pons A hasy, Macias A flr 


piring nrrumi ve Pot orcs Dl Bipaos V p Y riga 
BOMA meang propice] ped eana Det & ubersion. 
papaman 


AMD HANDEDUK Ware expanded version 
Stt M abc piatan af QUOS GENCY PL peg varier mio VU 


WIRE-WRAP KIT — WK-2-W 
WRAP e STRIP è UNWRAP 

* Tool for 30 AWG Wire 

© Rol of 50 Ft. White ar Blue 30 AWG Wire 

* 50pcs each 1,2. Y &4 lengihs — 


pre-strpped wire 
$12.95 


WIRE WRAP TODL WSU-30 
WRAP o STRIP a UNWRAP -$5.95 


WIRE WRAP WIRE — 30 AWG 


251.mn.$125 50! $1.95 100% $2.95 1000 $1500 
SPECIFY COLOR — White - Yellow - Red - Green - Blue - Black 


WIRE DISPENSER — WD-30 
e 50 ft. roll 30 AWG KYNAR wis wrap wire $3.95 ga. 
e Cuts wire to desired length 
e Strips 1” of insulation — Spacity — Blue-Yalow-White- Aed 
REPLACEMENT DISPENSER SPOOLS FOR WD 30 
Spacity dlus, yellow, whtte or red — 


- 
Pad 


$1.98/1p00! 


XR2205KA $14.95 


XR2206KB $19.95 


Funchon Gerarator Kit 
qinciudes chip, P.C 


Board and m EXA R 


Function Generator Xil 
[neum all components, 
PC Board and structions 


Bed 
[qu 
Yeu. 
Urange 
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100 8 


EEEEEEEEEEEEEE EG 
figrüfiscsf0- 


E 
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FEFE 
EEFE 


EEEE 
BEES 
$25353232588352222222332022535 


x 
w 
Ed 
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3 
300 
w 
w 
w 
w 
w 
400 
A 
«00 
b 
AQ) 
Án 
3 
560 
Lu 
ba 


i 
a 


MM 

MAN BID Common Anode red-D D 
MAK BTL Common Anco ded * $ 
MAM VH). Commen Calmote-red -t D 
MAM BPS Common Exthode-cnd +1 
WAN SI. Common Anoat iwo 

MAN BB). Common Cathoda-nd 


DERSÉBERHESSEREE 


Li 


Com inn Anae 
Tomna Cathode LENDSOQI 
Cowan PE 


SIceeSSSELSSERSSSSSSSS 


LFEEEETTS 


CALCULATOR CHIPS 


AND D 
FCM3SIT 
MMST2S 
MMSTMI 
MMST3R 
Ortiga 
UM&ab5 
DM8887 
TMABEY 


RRERRSS 


jo. 
25 


DRIVER sti 
MSS 
AENT 
"Wisata 
MU NA 
waves 
maS WA 
yai 
in 


ic SOLOERT AL — LOW PROFILE (TIN) SOCKETS 


bs 
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a 
3€ SOLOERTAIL STAND. 


S esne 


= sux 


x sau ABNER sa 
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pom 


50 PCS. RESISTOR ASSORTMENTS 


Toc Ha Td 
MOM s3 OMA 
A ORM a OHM 
OO Ch AA HM 
AAT OHM Sbt OHM 
uL ths 
1» LE 
a2 d 
Loud MN 
E [d 
1508 d 
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Se 2u im 


15 Ont 
on 
100 UHI 
Nn CHM 
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L 
am 
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Ip 
AR 
d 
Sn. 
13 
EJ 


ASST. 1 5n 


ASST, 2 5n 
ASST.3 Sea 
ASST. 4 Se 
ASST. G $n 


ASST, 8 5n 


ASST. 7 
ASST. af 


$5.00 Minimum Order — U.S. Funds Only 
California Residants — Add B' Sales Tox 


EM mensch] 
ameco 


"s 


SOLDEATAIL STANDARD (GO! 


WIRE WRAP SOCKETS 
(GOLO) LEVEL «3 


Includes Resistor Assortments 1-7 (350 OPCS ) 


Li 
* 
Li 
- 

"EE. 

ELI 


D (TIN) 


is Beaks? 


Soe 


5s9»556K9 TET 
wuss d 


S828 

ESSE FYIR 333 SSE 
$3233 sees 223 5556 
kakas ssh BRB RE 
Säga axsa 


$1.75 PER ASST. 


DELL J 
^h Ok 
MNA LH 
Y OH yA CIM 
Kit rada th 
[Pd L] 
LII ugh 
MA. tila, 
lial IE 
Vode, ttm 
siw 
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: ts 


Lad 


LRL d M& WATT $^. — 50PCS 


14 WATT 5% — SOPCS 


VA WATT S'a — SOPCS 


UA WATT $^. — S0 PCS 


Ud WATT S. — SOFCE 


144 WATT SS — S0PCS 


vn 


ay td WATT 5% 


$9.95 a. 


Suc Sheets — 25¢ 
1978.4 Catalog Available—Send 35¢ stamp 


PHONE 

ORDERS 

ELCOME 
(415) 592-8097 


MAIL ORDER ELEC TRONICS - ~- WORLDWIDE 


1021 HOWARD AVENUE, 


SAN CARLOS, CA 84070 


Advertised Prices Good Thru Augus 


XR-L555 $1.50 
Micro-Powet version of the 
popular $55 Timer and cirectly 
interchangeable — Dissipates 
115th the power and operates 
down to 27 volis Perfect tor 
Datlery operation and CMOS ar- 
cuts 
KATIE 
UTED 
(02:05 
AR2207 


e107 
NACK 


ZENERS — DIODES - — 


VOLTS I 
300m 


E 


1 
5 
g 
6 300. 
6 4001 
b 
t 
5 
6 
^ 
? 


35889558 


m 


XR?242CP $1.80 
Precision Vang creed for 
generating tuning pulses in mi- 
nutes, hours and days or upto 
t year by using two. Reduces 
cost of time delay orcus Basic 
$55 Timer with builtin debt 
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SCR AND FW BRIDGE RECTIFIERS 
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100 VOLT MYLAR FILM CAPACITORS 
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2400 BAUD! 


or 
300 SAUD KCS CASSETTE INTERFACE 
Read and Write Interface Board 


e Works with MIK BUG or SWT BUG 

e Loads 8K Basic in « 1 min. 

ə Plugs into the 6800 I/O Bus 
Assembled, Tested, & Documented 

Super Low Price: $59.95 ppd. 


Delivery stock to 4 waeks. To order, call or write today. 
We welcome Mastercharge, Visa, Checks, or C.O.D.'s 


Personal Computing Co. 


3321 Towerwood Dr. Dallas, Tx. 75234 (214) 620-2776 


Circle 268 on inquiry card. 


Q? 4 MEGABYTE 


>~ TAPE RECORDER! 
QUAD 5 CHANNEL 1/4" TAPE 


TRANSPORT, ONE FURNISHED 
o? LOGIC FOR AUTO SELECT, REWIND, E OT, 
QO ' LOW LEVEL,B LAST CARTRIDGE -POWER 


REQ'D 12V SAMPS DC -STD RACK PANEL 121/8" 


HIGH 19" WIDE 20"DEEP, WT 85L85, FREIGHT COL. 
USED- GOOD COND -LIMITED QTY. DATA BOOK $10,082 
.025 SQUARE PIN PUSH-ON TERMINALS, 
FOR JUMPERS - PATCH -POWER -PLUG REPAIR, ETC, 


6 PAX 


OIMFD ZOOVOLT TUBULAR CERAMIC 

OOSMFD SOOVOLT DISC 

,OOSMED IOOVOLT DISC $5.00 

.0068MFD IOOVOLT SQ. DIPPED POL 

"OIMFD SOVOLT 5% POLY TUBULAR, CONG LEADS, 
10/$1.00 100/$ 7.50 


CEE BI-PIN BASE T4 ix 12V 40MA 


AS IS -NO RETURN. 256+BYTES $19.95, IK BYTES 

$2735, 4k+ BYTES $39.95 2 ONLY 1620 ASS'Y 

GOOD COND EACH $12500 

CARD GUIDE & FRAME-ISPR-5 I/2H $1/4W i2 1/2L; OR 

15 SOCKETS ELCO NO. 7008-035-163-002 ON RAILS, 

YOU STRIP—CHOICE $9.95 EACH. OTHER SURPLUS- 

SEND $1.00 FOR LIST OR CALL 817-625-2961, 

BAC, ki ACCEPTED. $1000 MINIMUM ORDER 
J&E ELECTRONICS SALES 

P O BOX 4504, FT. WORTH, TEX, 76106 


Circle 193 on inquiry card. 


WE 
ANNOUNCE THAT 
THE TDL SOFTWARE IS 
AVAILABLE ON 
NORTH STAR DISKETTE 


* THE MOST POWERFUL SOFTWARE IN MICRO- 
COMPUTER b 

*ON MOST POPULAR § FLOPPY DISKETTE 
ORIVE 


TDL FORTRAN ~ SIMILAR TO WATFIV 
TOL 12 K BASIC — SUPER BASIC 
TOL Z-TEL — POWERFUL TEXT EDITOR 
TOL TOP - TEXT OUTPUT PROCESSOR 
TDL ZASM — MACRO-ASSEMBLER FOR 2-40 
PALL WITH DISK BASED INPUT/OUTPUT, 
DYNAMIC FILE ALLOCATION WORKS ON 
YOUR NORTH STAR DRIVE OR HORIZON 


WITH ABSOLUTELY NO HARDWARE MODI- 
FICATION 


HOME COMPUTER CENTRE 
6101 Yonge Street 
Willowdale, Ontario 
CANADA M2M 3W2 

1416) 222-1165 


Charges and Bani Ameocarg occenrea 


Circle 171 on inquiry card. 


Send for FREE Rene 
EXTELEK Dept.B. 
Ward- Whidden House/ The HHI 
Portsmouth, NH 03801 USA 


Circle 133 on Inquiry card. 


SURPLUS ELECTRONICS 


IBM SELECTRIC 
BASED 1/0 TERMINAL 
WITH ASCII CONVERSION 
INSTALLED $695.00 


e Tape Drives & Cable 

€ Carsatte Drives & Wira 

e Power Supplies 12V15A, 12V254A, 
5V3BA Others, e Displays 

è Cabinets; s XFMHS e Heat 
Sinks e Printers # Components 
Many other items 

Write for free catalog 

WORLOWIDE ELECT. INC. 

10 FLAGSTONE DRIVE 
HUDSON, N.H. 03051 

Phone ordars accepted using VISA 
or MC. Toll Fres 1-800-258-1036 
in N.H, 603-885-3705 


Circla 396 on inquiry card. 


Surplus Conversational Data 
Communicative Terminal 
GTE NOVAR 5-41 


* Correspondance Cada 
* 13.45 Characters per second printout 
* 85232 Interface 
* Documentation (included 
* 30 day warranty 
* High quality printing 
* Ratiable heavy duty selectric machanism 
* Can bo used am a typewriter 
with minar modifications 
* inspected by factory trained technician 
* (used) 8595.00 
WRITE: 


PHARMASSIST 
1810 W. Euless Blvd. 
Euless, Texas 76039 
call: (6817) 469-2480 


Circle 312 on inquiry card. 


RADIO SHACK AND 
COMMODORE USERS 


"952986052999 0999»9929508525206465492982 
Low Cost Software on Compatible 
Cassette Tapes for your TRS-80 
and PET Computers. 

—Games 

—Investment/Smal] Business 
—Educational/Scientific 
—Kitchen Programs 


INTRODUCTORY GRAPHIC GAME 


SPECIAL-Star Trek (BK), Football 
(8K), Lunar Lander, Wumpus, Bio- 
rhythms and Acey Ducey on 2 Cas- 
sette Tapes. A $25 value for $20.00. 


SEND FOR FREE CATALOG 


Software royalty plans also available. 
*€6060600000000000060092008 
/A\PPARAT, INCORPORATED 

P.O. Box 10324 
Denver, CO 80210 


Circle 11 on inquiry card. 


FORT LAUDERDALE AREA 
COMPUTER AGE 


MICROCOMPUTERS & PERIPHERALS 
for HOME, SCHOOL & BUSINESSES 


We specialize in computer systems and 
provide a full range of computer 
services. Applications software 
for business including word 
processing, payroll and 
accounts receivable. 

More to come. 


DEALERS FOR 
Apple Computers Extensys 
Micromation Soroc 
Hezeltine Centronics 
bEC North Star 
Problem Solvers and Others 
Cromemco 
999 South State Road 7 (441) 
Plantation, Florida 33317 
305-791-8080 


Circle 62 on inquiry card. 


10-20% DISCOUNT 
ON TOP COMPUTER LINES 


STARTER KIT SPECIALS LIST OURS 
Polymorphic 88 System 2 Kit $735 $55 
IMSAI (-8080/22 Stot*4K RAM Kits $ 838 $ 600 
SYSTEM SPECIALS 
Poly88 System 2 Kit*Poly assembled 1GKRAM 
and Poly assembled Keyboard $j458 $1175 
(MSAI 1-8080/22 Siat+4K RAM+16K RAMs 
VIO-C+M10 [AI IMSAI kits) $1807 $1420 
Polymorphic 8813 complete 1 Disk System — $3250. $2550 
(Above assembled) Additional Drive $ 590 $ 505 
Apple Il 16K (assembled) $1195 $1010 
SYSTEM UPGRADES AND EXPANSIONS 
Polymorphic 8813 Disk Upgrade $1450 $1200 
North Star Disk Upgrade — KIT $ 777 $ Bed 
(MOS- A«PS«CAB) Auamblad $ 887 $ 760 
Sanyo 9” Monitor $150, 15" $230, SORDC i0 $120 -$ Bas 
GENERAL DISCOUNT POLICY 
IMSA! 10-15%, Polymorphic 15%, Appie !1 10-20%, 
Cromemca 10%, Extensys expandible Memories 20% 


Mail Orders Walcome — Open by Appoiniment Only 


A-A-A-A COMPUTER HOW'S — Established 1976 
1477 Barrington Suit 17, Los Angeles, CA $0025 
Call 213-477-8478 


Sponsor af Poly 88 Users’ Group — Membership $5 


RONDURE COMPANY ° 


2522 BUTLER ST. 
214—630-4621 


ALLAS, TEXAS 75235 


Circle 308 on inquiry card. 


the computer room 


ASCII SELECTRIC 


SPECIAL SALE Printer Mechanism: Heavy 
duty input/output, Seri 
$875.00 js nput/outpu eries 


Weight: 120 Ibs. Dimen- 
sions: 29''Hx35'"Wx33"''D. 
Print Speed: (14.8 charac- 
ters per second) 

Platen: 15" wide, pin feed 
or form feed device option- 
al (132 print positions). 
Paraliel output only—15 
characters per second ac- 
cepts 7 bit ASCII parallel 
w/strobe & prints on Selec- 
tric. The unit stil! works as 


TESTED WITH 
NEW 
ASCII 


DATEL SELECTRIC (IBM Selectric Mechanism) 


a typewriter 


ASCII Selectric with ASCI?) paratiel electronics. mode. 


Immediate Delivery—Shipped from inventory. 


NOVATION DC3102A 


T! 990/4 
Single Board 16 Bit Micro 
Computer 


NEW $250.00 


Used 
Working 


; e $150.00 
ILE 


R5232 Connection 
300 Baud 


USED MODEMS & COUPLERS 

NOVATION TC102 (Acoustic) $45.00 
AJ 233 (Acoustic) ............ ^ $25.00 
CF 318 (Hard Wire) ............... + $25.00 


ORDERING INFORMATION: 

We ship tha same day we receive a certified check or money order. 
Texas residants add 5% sates tax. Please call if you have a question. 
Write far our CATALOG of many parts, terminals, printers, etc. 

AU items subject to avallability. Y our money returned if we are out 
of stock. 


a $20 MINIMUM ORDER 
e FREE UPS DELIVERY ON 
V.S ORDERS ONLY + OR BY 
SURFACE MAIL IF SPECIFIED 
a MONEY BACK GUARANTE| 


* SORRY! HO COD'S, 

PO'S. OR CREDIT CARDS 
e CALIF, RES. ADD 6% 

SALES TAX 

E * CANADA, PUERTO RICO 

(MOS & LED DEVICES EXCLUDED) — & US POSSESSIONS ADO 
* UNDER 8 HOUR PROCESSING ON MS $3150. ALL OTHERS 

MONEY ORDERS & CASHIERS ADD U.S. 37 00 

CHECKS. eUS FUNDS ONLY! 


F. Reichert Sales 
1110 E. GARVEY AVE. 
W. COVINA, CA 91790 


THE $100 BUS DIAGNOSTIC BDARD 


CENTURION IV 
A LEGION OF DIAGNOSTIC TOOLS ON ONE BOARD! 


e PULSE DETECTOR 
e CURRENT SHUNT 


e EXTENDER BOARD 

e LOGIC PROBE 

e CONVERTIBLE INTO BACKPLANE. i 

s ON BOARD CONNECTORS FOR SCOPE, OVM, VOM, GENERATORS, ETC. 

eQH BOARD 5 WAY CONNECTORS AND RF CONNECTORS. 

o OVER 160 WIRE-WRAP POINTS FOR TOTAL AND COMPLETE FLEXIBILITY 
IN WIRE WRAPPING ANY 1/0 CONNECTOR AND ALL LOGIC PROBE 
INPUTS INTO ANY AND ALL 100 BUS LINES, WHICH MEANS YOU 
CAN MONITOR AND MEASURE ANY PARAMETER ON ANY ONE OF THE 
100 BUS LINES, OR LOGIC LEVEL PROBE ANY FIFTY BUS LINES 
SIMULTANEOUSLY. THE ONLY TOOL OF ITS KIND. A MUST FOR ANY 


S SERVICE EFFORT. 
SERIOU Kit $11999 Assembled $1499 


$100 32K STATIC MEMORY BOARD 


WITH THIS BOARO YOU CAN BEGIN WITH JUST 8K OF MEMORY AND ADD ON 
IATER. IT CAM BE AS SIMPLE AS INSERTING MORE MEMORY CHIPS. 


FEATURES 
FULLY STATIC — USABLE WITH ALL DMA DEVICES 
. BUFFERED WITH MOISE SUPPRESSED INPUTS. 
POPULATED IN IK INCREMENTS (EACH 1K CAN BE ACCESSED INDIVIDUALLY) 
INCLUDES A RELIABLE SINGLE SOURCE +5 VOLT REGULATOR 
PROM COMPATIBLE THE BOARD MONITOR CAN BE EXCHANGED (PIN BY PIN WITHOUT 
BOARD MODIFICATION) WITH A BIPOLAR PROM PROGRAMMED TO YOUR SPECIFICATIONS. 
. CREATES NO WAIT STATES 
. PRICES QUOTED ARE FOR 3000S — 200mW MEMORIES. 
-- ASSEMBLED UNITS ARE FULLY TESTED AND BURNED IN. 
L KITS AND BARE BOARD COME WITH FULL ASSEMBLY AND CHECKOUT INSTRUCTIONS. 
8K 16K 24K 32K BARE 
$270» $440% — $580 $695% BOARD 


$2969 $465% $612% $740% 338% 


KIT 
ASSEMBLED 


Circle 207 on inquiry card. 


in off-line 


SHUGART 


Specifications: 

eSize: 21"Wx21"Dx8"H. 

ePower Input 115 Volt 
Hz 

elnferface: RS232 

o Weight: 54 Ibs. (Shlpping 
weight 65 Ibs.) 

@15" Carriage 

e15 CPS 

e Correspondence code 

$ è Half Duplex 

$132 Print Positions, 

Pitch 


10 


Used — $395 


MINI-FLOPPY DRIVE 


NEW PRICE 


$325.00 ea. 
Model SA-400 


SHIPPING INFORMATION: 


FLAT PACK ACOUSTICAL 
MODEM PICK-UP 

Useable with most modem 

chips/kits 

Used — $17.50 (w/prints) 


Modems: $2.00 each; 2 for $4.00 UPS. 

Large items & Parts: Specify Freight or Air Freight Collect 

Foreign Orders: Add approprlate freight or postage. 

We now take Master Charge and Visa orders, Specify full number, 
bank number and expiration date. 


MAXI SWITCH KEYBOARDS 
UNENCODED-MOUNTED ON 6-10 GLASS 
EPOKY BOARDS-A BLACK METAL FRAME 
KEEPS KEY SWITCHES SECURELY IN PLACE. 


NO. 1 NO.2 

53 KEY MAIN KEYBOARD 

—10 AUXILLARY A CURSOR 
CONTROL KEYS 

=I) REY MUMERIC PAD 

— BANK OF 5 AUXILLARY 
POWER £ CONTROL. 
ROCKER ARM SWITCHES. 
ONE OF THEM LIGHTS UP 


$3995 


WW SOCKET CONNECTOR 
FOR HO. 1 KEYBOARD 
$2% 


ARM. SWH 


FOR NO. 2 


WANT PEACE OF MIND? IN 
CRITICAL APPLICATIONS 
USE BIPOLARS!! 


BIPOLAR RAMS 
1024x1 
102411 


BIPOLAR 
PROGRAMMABLE LOGIC ARRAYS 
829100 $11.95 
825101 $11.95 


82510 
82811 


$4.95 
$4.95 


BIPOLAR PROMS 
256 (32 x 8) 
256 (32 x 8) 
1024 (256 x 4) 
256 x 4 TRISTATE 
2048 (512 x 4) 
2K TRISTATE 
4096 (512 x 8) 


8223 
82323 
823126 
93427 
825131 
6306-1 
3604 


$2.65 
$3.40 
$4.95 
$4.95 
$6.95 
$545 
$11.95 


LOW POWER 
BIT STATIC CMOS RAM 
650nS = 30mW 


$995 


UL 
256 x 4 


5101L3 

DATA RETENTION 
CURRENT 

O.70A AT 2 VOLTS 


—S3 KEY KEYBOARD 
—1 AUXILLANY POWER, 
CONTROL DPDT ROCKER 


$2995 


BEIGE METAL FRAME 


SOCKET CONNECTOR 
FOR NO, 2 KEYBOARD 


ASCII KEYBOARDS 
FULLY ASSEMBLED 
FULLY FUNCTIONAL 
—MAIN KEYBOARD SECTION OF 
5B KEYS 
—À HEX PAD OF 15 KEYS 
—16 MORE PERIPHERAL KEYS 
—ASCII ENCODED 


NO. 1 - WITH ON BOARD UY PROM 
$9995 


NO. 2 - IDENTICAL TO THE ONE ABOVE, 
BUT WITHOUT ON BOARD UV PROM 


$25 $7995 
$-100 EXTENDER BOARD 


WITH CONNECTOR 


A MUST for trouble- 
shooting your Computer boards $1 795 


$100 EXPANDABLE MOTHER BOARD 


*8 SLOT EXPANDAGLE BACKPLANE 
*QUIET-—GROUND PLANE DECOUPLES ALL SIGNAL LIMES 
@RELUBLE GOLD CONTACT CONNECTORS 

$899 


COMPLETE — $6600 Assemareo 


WIRE WRAP 
POST 


2 LEVEL 

10/78c 
100/$6.50 

4 LEVEL 

10/98c 
100/$7.40 


$935 


$-100 
100 PIN 


EOGE CARD 
CONNECTOR 

GOLD CONTACTS 
1000/577" 


25 
$4 UST Mit Tc 


SUMMER SPECIALS! LOW PROFILE-SOLDERTALL 
V.C. SOCKETS. OTHER SIZES IM PREVIOUS AD. 
SOLO INLAD TIN 
731.09 5r30.63 
5/$1.18 5/50.35 
4$1.18 4730.99 


10/31.20 
100/39.90 


24 PIN 
28 PIN 
40 PIN 


PRICES ND APAABILITY SUBJECT TO CHANGE 
WITHOUT 
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PERIPHERALS 


The Digisector (DS-68) functions in 
conjunction with an inexpensive tele- 
vision camera to present the computer 
with a high resolution digitized picture 
of the scene in view of the camera lens. 
The Digisector requires one tO slot in 
the SwTPC 6800 computer (or equiva- 
lent) and accepts either interlaced 
(NTSC) or noninterlaced (industrial) 
sync pulses from the video source. 
It features 256 by 256 picture element 
resolution, with up to 64 levels of grey 
scale. Data conversion times vary with 
resolution requirements but can be 
as low as 3 us per picture element. 

Applications include ^ precision 
security systems, moving target indica- 
tors, computer portraiture, and fast to 
slow scan conversion for ham radio 
operators. With clever software, the 
Digisector can read paper tape, punched 
cards, strip charts, bar codes and musical 
scores. 

The Digisector comes fully assem- 
bled, tested and burned in. The DS-68 is 
priced at $169.95. Software for com- 
puter portraiture and slow scan tele- 
vision is included. For further informa- 
tion, contact Micro Works, POB 1119, 
Del Mar CA 92014.u 

Circle 615 an inquiry card. 
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Dual Printer from Addmaster 


Acoustic Coupler Aids Clarity 


MR) 


Um» 


A new acoustic coupler (modem), 
designed to enhance clarity and accuracy 
of telephone line data transmission to 
and from computer terminals, has been 
Introduced by Information Products 


August 1978 © BYTE Publications Inc 


This dual printer prints three lines 
per second and has 11 character loca- 
tions per column with a dual capacity 
of 6 to 10 columns, up to 22 columns 
as a single, A large library of characters 
is available. 

Among the features are a small 
print mechanism, self-inking ribbon, 
variable paper space control. A tape 
rewind (one or both sides) is available. 

The Addmaster dual printer operates 
with a 117 VAC 1.3 A drive motor. 
Other voltages are available. Quantity 
prices start at $66. For further infor- 
mation contact Addmaster Corp, 
416 Junipero Serra Dr, San Gabriel 
CA 91776." 


Circles 616 on inquiry card. 


Division of Omron Electronics Inc, 
432 Toyama Dr, Sunnyvale CA 94086. 
The series 8300 Data Modems are 
designed for acoustic and hardware 
operation via the switched telephone 
network or private line installation. 

Acoustically coupled with a Western 
Electric 500 handset or equivalent, the 
8300 modems offer a convenient 
method of data transmission. 

The 20 mA current loop interface 
(plug compatible with a DECwriter 
LA36) and a separate 25 pin RS-232C 
EIA connector may be operated simul- 
taneously. The series is available as 
originate-only or originate-and-answer 
switch selectable for 300 bps operation. 
The modem is priced at $275 for single 
units.s 

Circie 617 on inquiry card. 


10 Processing Unit 


A general purpose IO processing 
board, the APUTOO, which provides a 
high performance to the standard 
$-100 bus has been announced by 
Extensys Corporation. Designated the 
Extensys Asynchronous Processing Unit, 
the APU100 includes an on board 8080 
processor, The unit operates asynchro- 
nously with the central processing unit 
of the computer system and transfers 
information by use of direct memory 
access. 

The APU10O0 uses the system clock 
on the bus to provide internal timing 
so that all system processors are synchro- 
nized. The unit has 8192 bytes of 
programmable memory storage operating 
at 300 ns access time and 1024 bytes of 
2708 type erasable read only memory 
storage In addition to its dedicated 8080 
processor, 

Using the APU100 frees up 8 K bytes 
of system memory by moving IO rovu- 
tines to the APUITOO, allowing more 
memory for application programs. Sys- 
tem performance is improved with the 
opportunity to buffer up information 
using direct access memory. Slow speed 
IO devices can be serviced at their 
rated speeds while system operation 
continues at normal speed. 

When used with Extensys' MM-16 
Memory Manager, the APUTOO per- 
forms in a high speed direct access 
memory mode, transferring greater 
chunks of data at full memory speeds. 

Contact Extensys Corp, 380 Bernar- 
do Av, Mountain View CA 94040, for 
additional information. = 

Circta 618 on inquiry card. 


PACIFIC OF FICE SYSTEMS 


FEATURES: s Available in EBCDic or IBM correspondence code versions with 
ASCII translation and |/O driver program in 8080 assembly language e Micro- 
computer hardware interface s 10 wire EIA RS232 connector cable. between 
terminal and standard serial I/O card such as Processor Tech 3P + B s Includes 
complate documentation: Operator and Service Manuals, schematics, interface 
instructions for microcomputer and software listing of I/O driver and ASCII 
Iranslation program è Optional Built-in 103 or 202 Modem available e Typewrites 
can be serviced by any IBM technician (solenoids, switches and wires have been 
attached to the bottom of the typewnter without physical alteration. nl Ihe 
factory mechanism}. 


MODELS AND PRICES: 


A 
standard IBM model 725 
Selectric Typawriter tor your own 15" carnage 
Selectric | or Selectric Il) is the heart of this oft-lease batch-processing 
hard-copy 1/0 terminal. (Thousands were made lor Sears and other major companies], Print- 
ing speed is 15 characters per second. Data transfer rate between terminal and CPU can be as fast as 280 cps lover 
2400 band) by means of the 350 character line buffar and built-in digital cassette tape drive which stores data from the keyboard 
as typed or as transmitted from a computer or another terminal (such as the built-in Bell 103 or 202 modern optional.) 


Circle 296 on inquiry card. 


VO TYPEWRITER ONLY SPECIAL: 


MODEL 725 IBM Selectric includes keyboard pickup switches, out-put solenoids, 
and magaet driver PCB to coordinate input/output signals, Requires *24V and +5V. 
MECHANISM ONLY, cleaned and adjusted. 2... ...... ee ee es $325 
CASE and POWER SUPPLY... esee sess 000000 eee ll 75 


VO SELECTRIC CONVERSION KIT: 

Convert your office Selectric to an 1/O typewriter. Includes keyboard pickup 
sachos, output solenoids, and magnet driver PCB. Attaches to typewriter, 
no rdrilling necessary, Requires #24V and *5V, Complete documentation and 


MODEL 5541 (IBM 2741-Type Selectric Terminal. 4... n.. s... $ 895 insiructions included. s.s sassa QR eet eS ein te MO 
MODEL 5550 (w/built-in cassette drive for ^ 
offlina data storage or use as memory typewriter, 2... ee ee se -$149 
MODEL 5560 (ASCII coda w/cassette drive) 6... 0. arsos ee $1495 JUST ARRIVED: 
LAMBDA REGULATED POWER SUPPLY +5VOC @ 30amp. .... 4 $75 


% PRICE SPECIAL: 


Model 5541, 5550, 5560 Selectric Terminats avaltable AS (S tor % the prices haroud 
above. Here's an opportunity for the do-t-yoursell hobbyist to. acuien high 
quahty hardware at rock-bottom prices. Typical condition of umts- typawritth 
need cleaning and adjusting but not overhaul; electronics are complete bul noms 
trouble shooting, POS maintains a complete stack of tested parts at reosonalile 
prices for repairs. Documentation included: same ns the warranted terminals, 


axcept no Microcomputer interface software 


Ail orders shipped fram stock. No back orders, 
fo substitutions. All equipment is shipped 
insurad FOB Palo Alto within 14 days after 
check clears or COD order 15 received, M/C & 
VISA accepted. 


($ CECOT BOARDS 


MB-1 MK-8 Computer RAM (nol S-100), 4KX8, uses 
2102 type RAMs, PCBD only $22. 00 
MB-3 1702A EROM Board, 4KX8, $-100 switchable 
address and wait cycles, kit lass PROMS 558.00 
MB-4 Basic 4KX8 ram, uses 2102 type rams S-100 
buss. PC board sees 924,05 
MB-8A Basic 8KX8 ram uses 2102 e cams, rd 
huss. KIT 450 NSEC. $125, PCBO................$24.9! 
MB-7 16KX8, Static RAM uses „P410 SAPNE 
fully buffered. KIT. $375.00 
MB-8A 2708 EROM Board, S-100, 8KX8 or 16KXB 
kit without PROMS $75.00 
MB-9 4KX8 RAM/PROM Board uses 2112 RAMS or 
828129 PROM kit without RAMs or PROMs ....$72.00 
10-2 S-100 8 bit nie ri 1/O port, 35 ol boards is for 
kludging. Kit $46.00 PCBD. ..$24.95 
10-4 Two serial I/O ports with full handshaking 
20/60 ma current loop: Two parallel I/O ports. 
KH luus $130. PCBO $24.95 
VB-1B 64 x 18 video board, upper lower case Greek, 
composite and parallel video with software, S-100. 
Kit. .. $125.00 D 22 sene $24.95 


"hee tmn enl 


Altair Compatible Mother Board, 11x T x VW", 


Board only . $40.00. With 15 connectors 
Extended Board full size. Board only ... 
Wilh connector uus ayo eet 


SP-1 Synthesizer Board S-100 
PCBO.................$39.95 


„$90.00 
.$ 9.00 


Circle 247 on inquiry card. 


encoded keyboards, etc.]. 


PACIFIC OFFICE SYSTEMS. INC. 
2600 El Camino Real, Suite 502 
Palo Alto, Calif 94306 

1415] 321-3866 


(WNC ine. WAMECO INC. 


MEM-1 8KXB8 fully buffered, S-100, uses 2102 type 
rams. PCBO $24.95 
Mother Board 12 ‘slot, tarminated, 5-100, board 
tA sae soessneonse sreygarausny ap pnan sannne ees $30.95 
CPU-1 8080A Processor board EX “100 with '8 Jevel 
vector interrupt POBO . sess surres sess $24.95 
RTC-1 Reallime clock board. Two independent in- 
lerrupts, Software pros Metalhead PCBD $23.95 
EPM-1 1702A 4X Eprom card PCBD . $24.95 


EPM-2 2708/2716 16K/32K 
EPROM CARD PC8D ...... — M — espe OG 


SHORT MOTHER BOARD Shori version of QM-1A 
B Slots PCBD $27.95 


2102AL-2 Prime 250 NSEC .... .. 
2102AL-4 Prime 450 NSEC 

2708 Prime (National) ... is 
1702A-8 AMD Prime .. .. 

1702A Intel Not Prime Jus) li ke 
25018 $1.5 488N 


2502B 1489N 
MC4044 
8038 
5320 
5554 
5555 
5556 
5055 
5312 
MHO0025 
MHG026 
MHG028 
5262 
2101 


(€ "—«— adaae m— 


S8as 


Past haN- Ow = 
nbn NI 
PI 
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419 Portofino Drive 
San Carlos, California 94070 
Please send for IC, Xisior 
and Computer parts list. 


Call or write lor details, quantity discounts, 
and our CATALOG, See the July 1978 
BYTE tar a list of ather products and prices 
{Inctuding tape drives, power supplies, 
Paper tape readers, modems, video 
monitors, pinfeed platens, ASC II 


NO RISK ! 7 DAY 
APPROVAL ON ALL 

MAIL-ORDERS. FULL 
HEFUND ON RETURNS. 


90 day warranty against defects in material 
or workmanship on ali used equipment, Full 
documentation includes PLUS interface instruc- 
tions where indicated. Avatlability subject to 
Prior sale. Prices may change wethout notice. 


INTRODUCTORY OFFER. Good for the month of this issue, 


WAMECO 
16K STATIC 2114 RDM BOARD 


PCBD ........ eere eren DOO. 


PCBD & MIKOS PARTS ASSORTMENT 
#7. All parts, including sockets 

and prime 2114L...................... $275.95 
Assembled, Test and 

Burn in by PROKO....................8335.95 


Kiis based on Wamco & Cybercom Boards with Mikos 
parts assortment. 


8080 CPU KIT $ 89.95 Assembled , $135.95 
REAL TIME CLOCK KIT $ 65.95 Assembled $ 99.95 
VIDEO KIT .S 89.95 Assembled $135.55 
BK 450 NSEC. (MEM-1) KIT. $125.00 Assembled $145.95 
5 


BK 250 NSEC. (MEM-1) KIT. $155.00 Assembled $180.95 


LIMITED QUANTITY 


BK STATIC RDM. 450 NSEC, BUFFERED. ASSEMBLED, 
TESTED AND BURNED IN. PARTS MAY BE UNMARKED. 
ALLOW 3 WEEKS Re . $125.95 


VISA or MASTERCHARGE, Send account number, expira- 
tion date & sign your order Approx. postage will be added. 
Check or money order with order will be sant post paid In 
U.S. It you are not a regular customer, please use charge, 
cashier's check or postal money order, otherwise there will 
be a two-week delay for chacks to clear. Celil. residents 
add 6% tax. Money back 30 day guarantee. We cannol 
accepi returned IC's that have been soldered lo. Prices 
subject lo change without notice. $10 minimum order. 
$1.00 service charge on orders less than $19. 
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The Terrapin Inc Turtle. . . 


Here are some more details about the 


new Terrapin Turtle, manufactured by 
Terrapin Inc, 33 Edinborough St, 6th 


Floor, Boston MA 02111. The infor- 
mation is condensed into the form of a 
photograph of the new peripheral which 


accompanies this first formal press 
release from the new company. Without 
bending the truth (too much), it could 
be claimed that this peripheral (exclud- 
ing the computer required to drive it 
through a cable) is the world's least 
expensive commercially sold mobile 
general purpose robot if we exclude 
certain dedicated office or hospital 
delivery robots (at tens of thousands of 
dollars) and prototype R2D2-like forms 
seen in a pen (see page 16 of July 1978 
BYTE) at the West Coast Computer 
Faire but never seen on the market to 
date in the advertising or literature 
which passes this desk. The Terrapin 
Turtle, a small electronic robot con- 
trollable by microprocessor, can "walk" 
(roll), touch (with its 3 1/2 inch radius 
hemispherical dome), and draw (lower- 
ing its pen attachment), as programmed, 
It has lights for eyes and a speaker to 
emit sounds. The Turtle requires a 
parallel interface: one compatible with 
an S-100 bus is available as an accessory. 
Each Turtle comes with 10 feet of cable 
and may be purchased either as a kit or 
fully assembled. Each kit comes with a 
tested, 20 page instruction manual. 

The Turtle may be used to map 
rooms, solve mazes, teach simple geo- 
metry or programming concepts, as well 
as many other tasks. The Turtle is 5 
inches high, crawls at 6 feet per second 
and is extremely versatile due to its 
touch sensors. Brochures are available. 
The kit costs $300; the assembled 
Turtle is $500; and the interface costs 
$40.8 

Circle 529 on inquiry card. 
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Single Board Microperipherals 
from Burr-Brown 


The MP810 and MP810-NS are two 
new microperipheral boards from Burr- 
Brown designed to accept up to 24 
digital inputs. The boards are elec- 
trically and mechanically compatible 
with the Intel SBC-80, Intellec MDS 
and National BLC-80 microcomputers 
and operate from their *5 VDC supplies. 
They are programmed as memory loca- 
tions and, with each input using one 
memory bit, any read command may 
be employed. When the board is read, 
logic O represents an open contact; 
logic 1, a closed contact. Each read 
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command inputs the status of eight 
channels, 

The MP810, with an on board power 
supply, operates with dry relay contacts 
and the MP810-NS, with voltage inputs, 
operates with wet relay contacts. Each 
group of eight inputs is isolated from 
other input groups and from com- 
puter bus to 600 VDC. Isolation 
between inputs of the MP810-NS is 
300 VDC. 

Input impedance is 15 k ohms and 
input delay is 25 us maximum open ta 
closed; 100 ys maximum closed to open. 
Minimum voltage needed to detect logic 
1 is 17 Vj; logic 0, 4 V. For contact 
closure sense, maximum closed imped- 
ance js 6 k ohms; the minimum open 
impedance is 80 k ohms. Maximum 
voltage that can be applied across the 
MP810 input is 120 VAC RMS, or 
60 VDC; across the MP810-NS inputs, 
168 VAC RMS, or 84 VDC. In 1 to 9 
quantities the MP810 is priced at $355, 
the MP810-NS at $295. For further 
information contact Burr-Brown, Inter- 
national Airport Industrial Park, Tucson 
AZ 85734.u 


Circle 530 on inquiry card. 


Intelligent Low Cost Termina! 


The ZMS-50 is an intelligent terminal 
geared for a wide variety of data entry 
and text editing applications. It is a 
microcomputer based keyboard and 
video display unit controlled by 
Zentec provided programs execut- 
ing out of read only memory. The 
terminal consists of a general purpose 
keyboard, 25 line by 80 character video 
display, 4 K or optional 16 K bytes of 
system programmable memory, and an 
asynchronous or synchronous RS-232C 
interface supported by a telecommunica- 
tions firmware package. An optional 
simplex (output only) RS-232C interface 
to a local printer is also available. Priced 
under $2000 from Zentec Corp, 2400 
Walsh Av, Santa Clara CA 295050.» 

Circle 531 on inquiry card. 
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Circle 304 on inquiry card. 
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PERIPHERALS 


Dot Matrix Printer Line Offered by 
Motorola 


Motorola Microsystems, POB 20812, 
Phoenix AZ 85036, has announced a 
new line of four dot matrix printers, The 
line printers offer a full range of fea- 
tures, including 80 and 132 column for- 
mats; 60, 120 and 180 characters per 
second (cps); bidirectional and logic 
seeking print heads. All four printers are 


equipped with an interface IO module 
and an Interconnection cable assembly 
that adapt them to the various Motorala 
microcomputer development systems, 
including the EXORciser and the EXOR- 
term 100 and 200. These interface 
accessories permit the printers to be 
used with the company’s line of Micro- 
modules {microcomputer board systems 
and subsystems), Model 779 js a printer 
capable of printing from 80 to 132 
cotumns of 5 by 7 dot matrix at rates 
of from 21 to 90 [Ines per minute at 
60 cps, 

The Model 781 is an 80 column 
character printer which features bidi- 
rectional logic seeking movement of the 
print head enabling throughput of up 
to 120 tines per minute, The Model 702 
is also equipped with a bidirectional 
logic seeking print head with a head 
speed of 120 cps. This model has 132 
character print columns and is capable 
of throughput of from 45 to 185 fines 
per minute (Ipm), The Model 703 
features a head speed of 180 cps and 
provides throughput rates of from 70 
to 280 Ipm. All models except the 
779 have tractor feed with a paper out 
sensor and use standard computer 
paper, [rom one to six parts, Model 
779 has pinch roll feed and uses stand- 
ard Teletype roll paper, Prices are 
$1495 for the Model 779; $2095 for 
Modei 781; $2500 for Model 702; 
and $3125 for Mode! 703.» 


Circle 538 on inquiry card. 


202 


Universal IO Board 


This 10 board, called a universal 1O 
board by the company, has space for a 
40 pin wire wrap socket into which you 
can plug any of Motorola's 40 or 24 pin 
interface integrated circuits; the data 
and control lines are connected to the 
appropriate edge connector pins. All 
other bus connections are brought 
out to a 16 pin socket pad. A *5 V 
regulator and all Molex connectors are 
provided; regulated +5 V and ground 
are bussed among the locations for up to 
35 14 pin integrated circuits. The price 
is $24.95 completely assembled and 
tested. Contact The Micro Works, 
POB 1110, Del Mar CA 92014.8 

Circle 542 on inquiry card. 
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Multifont Printing Capability Added to 
Dlablo Matrix Printers 


The Model 24610-03 library card, in 
conjunction with the Diablo Model 2300 
matrix printer, permits users to mix up 
to nine type fants while printing a single 
document, 

The card, which inserts into the 
printed circuit card cage of the printer, 
can be programmed by Diablo to add up 
to four different type and special symbol 
fonts to the standard font with each 
printer. in addition, the Model 2300 
offers an optional plug-in read only 
memory which contains four additional 
foreign language or special fonts. 

Each of the eight additional fonts 
available through implementation of the 
library card and 1he read only memory 
recognizes the full 128 character ASCII 
set and can print up to 96 of those char- 
acters, 


Product Update 


In the June 1978 BYTE (page 178) we 
published a What's New? item describing 
the PET 100, an S-100 bus adapter 
for the Commodore PET computer, The 
manufacturer, HUH Electronic Music 
Productions, has notified us that the 


Serial Minifloppy Buffered Terminal 


This intelligent buffered data termi- 
nal, Model IDS 3901, is offered by Inter- 
dyne Company, 14761 Califa St, Van 
Nuys CA 91411. It uses a 5% inch indus- 
try standard diskette drive and is RS- 
232C compatible. Average access time is 
0.6 seconds, It has a data buffer holding 
up to 128 characters and is capable of 
being edited, a block rewrite capability 
and it allows insertion of blocks or entire 
paragraphs into previously written text, 
An automatic high speed block search 
and verify are included as well as charac- 
ter pattern search under operator control 
or prerecorded instructions, The IDS 
3901 is controlled by 30 ASCII com- 
mands and outputs 13 English messages. 

Other features include storage of 143 
K bytes per diskette, switch selectable 
asynchronous transmission rates from 
110 to 19,200 bps, ASCII text as well as 
transparent binary modes and auto error 
check and retry. 

All this is contained in a stand alone 
desktop unit for connection to printers, 
videos, modems, computers and other 
terminals. By adding the IDS 3901 to a 
keyboard and display, users have an in- 
telligent system with store and forward 
capability for program preparation and 
loading, data entry and storage, text 
editing and off line printing. 

The IDS 3901 is priced at $2050.w 


Circle 539 on inquiry card. 


Any combination of the eight addi- 
tional fonts and the standard Diablo 
matrix font can be selected by the user 
under program control and can be mixed 
while printing. Among the standard 
fonts from which the user can select are 
German, Norsk, Scandia, Hebrew, 
French, French Canadian, and APL lan- 
guages and symbols, in addition to high 
resolution ASCII! and APL. 

The cost of the Model 24610-03 
libraby card in OEM quantities starts at 
$120. For further information, contact 
Diablo Systems Inc, 24500 Industriai 
Blvd, Hayward CA 94545,m 

Circle 540 on inquiry card, 


name has been changed to S-100 MPA. 
The product has been upgraded so that 
it meets the proposed IEEE specifi- 
cations for the S-100 bus and it now can 
be a stand alone processor. The com- 
pany's new address is 1429 Maple St, 
San Mateo CA 94402. = 
Circle 541 on inquiry card. 
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obuia E a l-2-4-8 BCD — encoding! se Common Cathode 
Touchtene Crystal . ret Positions Inboled 0-7, F, L. or 
Stopwatch Ci a v coded for K, L coded for $4. 
Op Amp WIth Boitin SCR — binek backsround. Feco 800. [J GIANT SALE! MICRO-MIMI — Cat. Mo. Contacts Sala 

-~ nordan, 13^ x bia x ia". 0854036 SPOT $121 
Sa kere NAmE Hines ero | roots SWITCHES onus i 

e Complete with mounting hardware! — "Center off 


H 8 
FANNY NY YA EE MCN. 


COMPUTER GRAPHICS 2 to $8. IC SOCKETS 


“JOYSTICK” » $4.50 unin by 17¢ "a 
è Low prole, ar 
EE A || N RIBBON CABLE 
19 


eia arpo tde ERE ECT 
MOTHERBOARD Pin dib c x 
EDGE CONNECTOR Order by Cat. No. 8$3939 and conductors 


(53 ench aide! Twisted pairs of bii, 
SPECTRA-TWIST * Twisted pairs of beightty 


jored 
25^ pin cir, goldpinted RIBBON 
^ wire wrap laada, Open | | 0853802 40 pin LSI No. 883680 4B cond. 2 ft. $1.98 
$2.50 . CABLE 7 Gat He M 


| B oza. Cat, "o. BRISET 
ENHREEESE«S ERRBBBSBBSESBE 


10 AMP POWER TAB SCR'S, " TRANSFORMER * ALOVAC Primaries fale 


Ci 

s 

PIV SALE Cat. No. Output V. Amps Each mw 

TRIACS, QUADRACS! ca: uo. n50 $55 853399 6, B00ma Meinl encaned S108 M 
B 


strs . 8$1730 o 100 59 aS 3814 N 1A Open frame $2. 
Onder by Cat. Mo. TRIACS 81448 c 200 Bà 12Y 300ma Open frame $1.95 
and Voltage QUADRACS 481580 PTTPTITIIITTIT 


NE Kr 1N4000 Epoxy Rectifiers WRITE POLY PAKS 1978 | Terms: Add postage Rated: net 30 


Lev Phone : Wakefield, Masa. (617) 245-3829 
! s 
ted oe peal on, OP aan And E Ma. mima, CATALOG Retail: 16-18 Vel Carmine St.. Wakefield, 
Computer Components MINIMUM ORDER — $6.00 


M 50 Over &0O Assortments! È 
ee (> POLY PAKS 
: Pi p Stamens Takers! 
: Solar Energy! Sema) C.O.Ds MAY P.O. BOX 942-58 


Tast Equi, tu A 
Fiber Gollcs! Plus Mora n’ Morel" BE PHONED LYNNFIXLD, MA. 


© COPYRIGHT 1978 - POLY PAKS INC 
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WE SHIP FROM STOCK 
TELETYPE MODEL 43 


Only $985 
300 baud, full ASCII character set, 132 
column width, 30 cps, quiet, light-weight, 
dependable. With RS 232 


TECHNICO 9900 16 BIT COMPUTER KIT ....,.. 
RCAVIPKIT .. . . 


HAZELTINE 1500 ... 6, eose oe 
HAZELTINE 1500 KIT .. .. 
HAZELTINE 1590 . . 


To order: Check, money order, major credit cards. 
34 shipping. NYC residents edd 8% tax 
We have no reader inquiry number. 
Please write or phone. 


OWENS ASSOCIATES, DEPT. B-A 
147 NORWOOD AVENUE 
STATEN ISLAND, NEW YORK 10304 


Day, Evening, Weekend Calis Welcome! 
1212) 448-6283 (212) 448-6298 


IS YOUR COMPUTER 
DULL? 


Is he hung up in the same old 
loop? 

Is he sorting and searching his 
life away? 

Turn him on to computer 
humor! 

Bring out his hidden talents 
with a sophisticated selection 
of BAUDY JOKES AND 
BYTING WIT! 

Let your computer comic de- 
light your friends with a dazz- 
ling display of wit and whimsy! 
Your computer wil have the 

last laugh! 

Shift $5.95 into our register for: 
LAF-TRAK 1 (on cassette) 
Micro-Madness 
P. O. Box 2250 
Pasadena, Ca. 91105 
Specify computer or interface 

type and memory size. 


Circle 223 on inquiry card. 


LL ES 
IT'S A GREAT BIG COMPUTER WORLD E 
But You Only Need 


SETHE COMPUTER CORNE R3 
D @SOL — A New Dawn is Here! 
* COMMODORE PET & KIM 
@ NORTHSTAR HORIZON 
* IMSAI VOP-80 
9 Memories & 1/0 Boards 


* Computer Book Service 
* Magnetic Tapes & Disks 
* Full Line of Magazines 
* Brain Games & Puzzles 
* Workshops & Club Information 


Visit THE COMPUTER CORNER for 

all your computer needs. Stop in and 

browse — you'll like our personal service. 
THE COMPUTER CORNER 


White Plains, New York 10601 
Tei: (814) WHY - DATA 


Ample Parking 
10-6 Daily & Savurday 
10-9 Thuraday 
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Circle 65 on inquiry card. 


Apple Il 
Computers 


available at 


Computer Components 
of Orange County 


Available Now 
Bob Bishop's Speech Synthesizer 
Program for APPLE II 
«es Only $19.95 

no special hardware needed 
* Send for our A 

Software list, ' 
* Sign up for free 

Apple II workshops. 


6791 Westminster Ave. 
Westminster, CA 92683 


714-898-8330 


Circle 64 on inquiry card. 


KIM KOMPUTER MEADQUARTERS 
© Send (or tree KIM Katalog 


FAL COMPUTERS USING 6502 SYSTEM! 

* ORDER DUR FAL TECHNICAL MANUAL ($7.25 
Bappi wich fully Sperm the KOM Hus and indivi- 
Sua! Boards in the PAL oystem 


INDUSTRIAL QUALITY 
MICROPROCESSOR CARD KITS 
All *5V only, sid 4,5 06 5, 22/44 edge conn, 


*A4KRAM $78.85 € 2K PROM $ 79.95 
®@ Motherboard $38.85 © 4 K FROM P 229.95 
9 Card Cage $20.00 è Digital HG $ 5995 
9 Keyboard/Ouplay $89.95 © Catuita Intartace $ 37 96 
© 6802/6502 CPU BOARD $99.95 

iSHOWN BELOW) 


* BARE BOARDS. ENCLOSURES, FIRMWARE, ETC. 
SEND $1.70 FOR TECHNICAL MANUAL INFOR- 
MATION ON ALL ABOVE INDUSTRIAL BOARDS) 


SILVER SPUR © (7141 627-9366 
Electrome Communications Co — e en t 

P. O. Box 345, Ching, CA 91710. © Mantarchargs 

or Vint Reti Store: 9 Cabt Rendenti Add 

13852 Central Avenue GW Sales Tax 


Circle 317 on inquiry card. 


SSD 


SALE SALE SALE SALE SALE 


. . ae . 


53428 JAR 3740's, $/32, Shugart, Pet Sei 
Pertac, Calcomp {wnd for catalog) 
53802 32 "Hard Sector", Allair, Shugart, 
Dorte Ett Sel Calcomp Amor —  — 6— $ — $390 
E: ISKS 
54256 Single {01 Sector 
54257 Ten (19) Sector 


TELETYPE MODEL 43 
4320AAA Keyboard. Pin Feed. TTL. 
4310AAA Receive only, Fin Feed. TTL 
TP430035 Modal 4$ Ribbon 
PPA43 A0] Model 43 Paper ‘on (ric, 3M 
SBCS1000 BUSINESS SYSTEM microcomputer 32K 
3 diik drives, video za reminal, printer, 
cabinat/deyk, DOS, BASIC, SOFTWARE 35000 00 
I£CCIQ00 EDUCATOR SYSTEM microcomputer 
32K, disk drive. video terminal, printer 
esbloetiderk, DOS, BASIC, SOFTWARE ___$5400 90 
S& OCOMFUTER TECHNOLOGY 24 KOURS/7 DAYS 
0.0. Boa 1243 1518) 463 2041 
ALBANY, NY 1270; 


SSD 


Circle 309 on Inquiry card.- 


NEW SURPLUS PRINTER 


Okidata — CP 110 — Friction Feed 
Un-Used, in O.E.M. Factory Cartons. 


* 5x? Impact Dot Matrix 
e 80 Char/Line 


* 64 Char ASCII . 4 
* 110 Char/Sec. 
* Lines/Min, 


* Accepts 8%" 
Roll paper 


Inctudes — Power Supply, Built in Selftest, 
Parallel Interface, Line Buffer and Cabies. 
Housed in a three piece plastic cabinet with 
all control electronics. Retail for over $1,100 


Our Price: 1 ea. $650 10 up $600 ea. 
Operating Manual Included. 
Service Manual $20 Supplies Limited 


Shipped Freight Collect. Send Check or M.O. 
Sorry No Warranty Available at these Prices 


INTERNATIONAL ELECTRONICS 


EQUIPMENT CORP. 
P.O. Box 522542, Miami, Florida 33152 


Circle 172 on inquiry card. 


PET SCHEMATICS 
Another First From "PET-SHACK", 
For only $34.95 you get: 


24" x 30" schematic of the CPU board, plus ovenized 
schematics of tha Video Monitor and Tape Ascordar, plus 
complete Parts Layout—sil Accurately and Pairatekingy 
drawn to the Minutest detail. 


PET ROM ROUTINES 
Another Breskthrough From "PET-SHACK", 
Complets Assembly Listings of all 7 ROMs, plus identi 
fied subroutine antry points; Video Monitor, Keyboard 
Routine, Tepe Record and Playback Routing, Real Tima 
Clock, ate. 
To entice you we are also including our cwn Machines 
Language Monitor program for your PET using the key- 
board and video display. Ail this for only $19.95, 

SATISFACTION GUARANTEED. 

You can have the Monitor program on cassette for only 
$9.95 extre. 
Sand check, money order, or Master Charge or VISA 
number and expiration dete to: 


PET-SHACK Software House 
Marketing and Research Co. 
P. O. Box 966 

Mishawaka, IN 46544 


Circle 289 on Inquiry card. 


RECIPES (programs) on CASSETTE 
TAPES for your hungry TRS 60—with 
lots of graphics"! 

All programs written to run on your TRS 
80—Level | (4k or more RAM). 

Free COOKBOOK (catalog) of cassettes 
with other recipes (programs) included. 


CASSETTE 8010: U.F.O. Battle e 
Checkbook e Draw Poker ® Pile High e 
Poker Dice ¢ Snoopy (graphic). 
CASSETTE 8020: Monthly Minder è Slot 
Machine € Dart Throw è Venus Touch- 
down € Number Guess e Tic Tac Toe 


$ 9.50 per cassette, $18.00 for both. 
Send Check or Money Order Jo 
THE COMPUTER PANTRY 
2224-C Old Middlefield Way 
Mountain View, CA 94043 
(415) 964-4175 
The Pantry pays postage and lax" Prompt Detvery 


Circle 77 on inquiry card. 
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IBM® Selectric-Based 
1/0 Writers 
Excellent Hobby Printers 


Series 72/731 
Heavy Duty 
8Y2" Platten 


a 
A&ot STATIC, TTL IM UT 409411 N-MOS RAM 
QEWERAL 
DESCRIPTION 
Pan Nomba 4801 »9 
va B AK semicon- pe. . 
duchor rangom Mt 
access Pa mory 
organized as 4098 tb words Ug fully stele and 
Meads nocioch of relresh puinen It isqueres a 
sigle ~ 5voll power supply andis tylly TTL com- 
pabhig oo input and output ines The 4801 «6 
pacheged in a convorani 18 pin dusl-in-hoe 
pachage 
FEATURES 
a 


9 Singfa - 5v Powe Supply 
B Kx! Organon 
2 Repiaces 4 1024x! Siahc RAMs 
= Completely Static -No Clocka or Ratcaeh 
© 1B Pin Package 
m Accesa'Cycia Tamas B00 naec ma» 
a 255 me Typical Operating Power 
© Separete Data in and Date Out 
e TTL Compantte 1/0 
m Three State Outputs 
a Cala Bus Compentie 1/0 Function 
ABDA STATIC, TTL OUT 10244 N-MOS RAM 
GENERAL 
DESCRIPTION 


Part Number 4804 
matk semicon. 
doctor random 
accens memory 
organized ax 1024 4 bil words His jully alatic and 
fida no cloch or releaeh pulses requires a 


»ingia Svah powar supply and is luily TTL com: 
palibhr on input and oufpul linea Tha 4804 ra 
Becheged in a convaniem 18 pi dual inti 
package 
FEATURES 

» Snge SY Power Supply 

* Knk Organization 

B Replaces 4 102401 Sint RAMS 

a Completely Slatie—No Clocks of Aetregh 

= 19 Pin Package 

s Access Cycle Times 800 nsec mas 

* 250 one Typical Operating Power 

* Common 1/0 Bua 

* TTL Compauble 1/0 

a Three Si ate Duipula 


460) or 4804 AK RAM's . 
$8.95 8/560.00 16/5100.00  . 


a Any CHUIMARAEAO mD! Lene 
BMAM ub MBA VEM. 


< Coma ue aA 318 1818 torimi) Gétamé nd P). 
Matre. 


DEPT 
rain Pm iom, 


L7 


WORKING & 
CLEANED 


All Solenoids 
Original Documentation 
While Supply Lasts 


T TRHTEN 


?808 North 27h Avenue 
Phoen, Azone 85021 


16021 995 9357 


10 AMP REGULATORS 


78P05 


GEMERAL DEBCRUFTION — The LATBPOS ia a 3-terminal positive $ V hyond reguisior 
Capatie of deavenng 10 A Th devices virtually biowout proo! and contains af! the 
protection lemures inherent i^ moookth«c regulators Such as internal short-circuit 
Cutf& ^ krruhng end thermal-overioad protecbon The ,ATBPOS a packaged in a 
hermetcelly sealed TO-3 pronding 50 W at 25°C case The hybnd connets of a 
monolithic contrat chip drawing a rugged Mesa transietor 


The high ovtpul current ia achieved through new deegn technique without sacritrcing 
(ne regulation cheractenstce of tne controlling elements The same process in 
employed in the construction of the 10 A regulalc. u prongs the same high reliability 


Obtaned in the ,A7&HOS 5 A regulator 


(ZE ESEE] 
S 
t 
« 
$ 
i 
t 
« 
» 
5 
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HI POWER RECHARGEABLE CELL 


Brand new Gates gelled electrolyte lead-acid energy call. 2 Volts, 5 
Amp Hourl Moke high power rtond-by supply for portable geor or 


MULTI-CHANNEL B BIT A/D CONVERTER 


Foirchildi! new & channel onolog-to digital converter hos o lot gaing 
for it. Full cole correction capabilities, ratiometric conversion and 


wide input dynamic ronge. 


Micro-proceuor compotible, i! combines the multiplexer, decoder ond 
sampla-and-hold functions with converter to save board space and 
eliminate external ports. it provides B bit, + 4 LSB conversion in 300 
vSac featuring outo- zero and dynamic range all the way to ground, 
UA9708 in 16 pin plastic DIPL... Lucis 


*^ tae qns simmi pde Foe UPT pron Bn anes Bonn 
* COD WO pea pan C 


ao 
VIC OO Ase 0*4 15 vas 


MM m^ yow Sm, 
AB t+ GABE For Hy 


Price gre Landi 3 al CRANES wert Paint Abe 
ry piyada miu om ey (Puis, mad Crist api Or 


m Mmddy wer. Cre cava feet M Rav te uds 
schon jou] Bremen) agaa rn 


Conversion Kits. 

1. Conversion instructons, P C board for printer only using soft- 
ware approach $ 

2. 1/0 kit makes the unit into a conversational terminal. Instruc- 
tions, P C board, components for a parallel or RS232 interface. 
Will work with any IBM terminal 
3. Completely converted unit and assembled interface for 1/0 us- 


a ae pw eg emam 
DENM 


tg sueta on ant d 
acd eer V ae cam  )0 
on 


Circle 353 on inquiry card. 


SUPER SALE 


These terminals are from a large airline reservation 
system. They are heavy duty and were under continuous 
maintenance. The units have been in storage. We make 
every effort to ensure that all essential parts are included. 
Most work when plugged in. No warranties are given or 


$249.95 


$999.95 


Card reader by HP with RS232 interface $299.95 
Printec line printers, parallel interface 


$1500.00 


Honeywell 516 & 316 mini's, make offer. Cables, used 11 
conductor, 100 ft with connectors $9.99 
Electronic parts and circuit boards 1/4 |b bag $4.99 


Check, Money Order, Cash. Personal checks require 3 
weeks to clear. No COD's. Units shipped UPS or PP 
collect. Prices Net FOB Tulsa 


SUPER SURPLUS SALES 
P.O. BOX 45944 TULSA, OK 74145 1-918-622-1058 


INTEGRATED TONE RECEIVER 
MK5102(N)-5 


C Detects att 16 standard DTMF digits 

DO Requires minimum external parts count for 

minimum system Coat 

Uses inexpensive 3 579545 MHz crystal lor 

reference 

-J Digital counter detection wilh period averaging 
insures minimo laise response 

C '6pmn package for high system dei uty 

i] Single supply 5 Volts: 10% 

xi. Output in either 4 bir binary code oc dual 2 bit 
fow/column code 

7^ Letched outputs 


DESCRIPTION 
The MK5102 i à monohthic imtegrted circuit 
fabricated using the complementary symmetry MOS 
(CMOS) process. Using an inexpennve 3.5?8545 MHz 
leleson colorburst. crystal for reference, the 
MK5102 detects and decodes the B slandwul DTME 
trequences used in telephone disling The require 
meni of oniy a single supply and ity construction in a 
16-pin package make the MK5102 ideal for appi- 
caom requiruvg mirumum uge and external parts 


count, DETECTION FREQUENCY 


Eu 
“TIO He 
+ Boe by 


a 


Column 1 - 1208 Hı 
Cotumn 2 + 1398 He 
Column 3» 1477 H1 
Column 4 - 1833; 


MKS102M-3...... cesses nn $34.95 
PLE 50 
$00 Ohm to 600 Ohm C.T. tromformer..... ss. $1.95 


P. C. BOARD TERMINAL STRIP 

Molded body anclases postive screw activated clamp 
which will accomodate wire sizes 14-30 AWG, Contacts 
and pins are solder ploted capper. Pins are on , 200 
inch (5.08mM) for stondard P. C. mounting. TüAmp 
toting, Compara our prices before you buy. 


ate == 
4 pole — T$-2504 $9 aa 
B pole TS-2508 1,49 punt "TI 
IŻ pole T$-2512 — 2,19 ORE 


Circte 381 on inquiry card. 
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Uncisssitied Ads 


MUST SELL: Heathkit H-S & H-9 Terminal, 
assambled and operational, H-8: 16 K program- 
mable memory, seriat-cassette 10, cables, case & 
power supply. H-9: 12 x 80 characters, fult cursor 
contral, etc. Includes all software and manuals. 
Sell together or consider separately. $1400, ship- 
ping paid in US, Charles W Wood, 215 N Carswell, 
Whiteman AFB MO 65305, (816) 563.5094 
nights or weakends. 


WANTEO: Printer, CRT terminal, and digital 
cassette recorder. Printer should have upper and 
lower case, ASCII code, RS-232 interface, type- 
writer quality output such as Diablo, IBM, Qume 
(no dot matrix), with or without keyboard; CRT 
Terminal with BO character line width, block mode 
transmit, upper and lower case, RS-232; digital 
cassette racorder capabla of working with printer 
or CRT terminal. Please indicate price, operating 
features, and condition. Norman N Axelrod, 
445 E 86th St, New York NY 10028. 


FOR SALE: New Altair 8800b computer. Includes 
16 K x 8 memory, audio cassette record interface, 
serial 281O with 1 port, ASCII keyboard. Package 
it assembler, editor, debug and 8 K BASIC 
software by MITS, manuals. Ready to run. $1200 
complete. Tt 743RO 30 CPS printer, $1000. 
Ken Crandall, (4151 692-6693. 


FOR SALE: Friden Flexowriter with attached 8 
tevel tape punch and tape reader. The Flexowriter 
and punch both have independent code and binary 
modes. The Flexowriter has a row of control 
switches which include single step read, regener- 
ation, delete and stop codes. The shift key shifts 
to a special character set which includes square 
root, delta, rub out and others. The Flexowriter 
has eight resettable tabs and is in good working 
condition. The schamatics, modification sheets, 
specification sheets, code chart and meta! table 
are all included. $200 or best offer plus shipping. 
Will trade. Anthony Masterson, 3812 Stratford, 
Dallas TX 75205. 


FOR SALE: 16 K M6800 system of SwTPC boards 
and AC30 cessatie interface and surplus keyboard. 
includes Microware 16 task ROM, ACIA and PIA, 
editor, assembler, 8 K BASIC and full documan- 
tation. Excellent appearance and working order. 
Will sacrifice for S600 and deliver in New England. 
Robert Boyd, Woodlawn Av, Kennebunkport ME 
04048. 


WANTED Complete documentation for VIA. 
TRON, Computer Tape Recorder (Model 5002 
9 track). Must include schematics and parts list for 
unit and model 129000-00 power supply. R M 
Shectman, 14606 Larchmere Bivd, Shaker His 
OH 44120. 


FOR SALE: Ohio Scientific OSI 430B Super 10 
board, fully poputated; A to D, D to A, Multiplex, 
cassette interface (1200 baud KC) senal 1O parallel 
IO etc. Grand naw, all ICs in sockets. Cost $399 
new, sell for $275. Joa Ruby, 6057 Beck Av, N 
Hollywood CA 91606, (213) 985-1519. 


NEW UNCLASSIFIED POLICY 


Readers who have equipment, software or other item: 
to buy, sel! or swap should send in a clearly typed noticas 
to thar affect. To be considered for publication, an adver 
Herrent must be clearly noncommarcis, typed doobie 
Maced on pian white paper, conmin 50 words or lass, and 
include comptete name and address information. 

Theta notices are free qf charge and will be printed one 
time only on a apace available basis. Notices can be ac- 
cepted from individuat or bons fide computer users clubs 
only. We can engage in no comeipandence on thae and 
your confirmation oJ placement it appearance in an ixue of 

TE. 

Pisas note that it may take threas or four months for an 
ad to appear in the magazine. S 
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FOR SALE: Motorola 6800 based d-2 MPU kit 
complete in unopened package. Includes keyboard 
and display, monitor program, 378 bytes pro- 
grammable memory, seris! and paralle! 1O ports. 
Everything you need except the 5 V 2 A power 
supply to get started in MPUs. Sell for $170, kit 
lists for $235. Steve Kay, 51 Tidewater Ln, Willing- 
bor NJ 08046, (6091 877-1345, 


SACRIFICE: 8 K 8080A system six parallel IO 
ports fadd two chips for three more PIOs and 
seriall, 3 K PROM board: (w/o 2708), 2-4 K 450 
ns low power static programmable memory, TVT-3 
terminal with cursor control, UART brd, 2 K pro- 
grammabie memory board, Hail effect ASCII 
keyboard, HITS audio cassette interface. All 
boards new, unused, sockets for chips, most boards 
assembled. 5 A supply, edge connectors and card 
guides (extra included), case, documentation. 
Bonus 2:60 chip ground plane wire wrap proto 
boards with 96 gold plated wire wrap sockets. 
Sacrifice at fraction of cost $575 (sent UPS). 
Write for information, David Krivoshik, 18 
Newcomb, Elizsbeth NJ 07202. 


FOR SALE. lomec disk drive with single remov- 
able 1 M byte platter, with power supply, rack and 
manual. Aiso: COC 300 lines per minute drum 
printer with manual. No interfaces available. 
Machines sold as is, neither have been used for 
over 3 years. Asking $1,000 each. Chuck Gahan, 
12781 Taylor St, Garden Grove CA 92645. 


WANTED: Boards for 8008 computer and manual 
for Mark 8. i hope to find someone who never 
tinished'a Mark 8 or MOD 8 and will sell cheaply. 
Larry Bates, POB 664, US 25, Skyland NC 28776. 


FOR SALE: Model 400 M6800 processor (OSI) 
with all documentation, buss holds 8 boards, 4 K 
memory board (3 K on board), and video board. 
Alt for $150 or best offer. Tony Preston, 15151 
Ripple Dr, Linden MI 48451. 


FOR SALE: Tarbell cassette interface board. 
Assembled, checked at factory, with manual. 
For price of kit only $120. E Tottle, 2993 
Yorkway, Baltimore MD 21222. 


FOR SALE: MITS Dual Disk System, B800A with 
heavy duty power supply, dual disk drive, 40 K 
Seals memory, ADM-1 CRT, Okidata printer, 
2510 board, PROM board, disk boot losder on 
PROM, ACR board. Best offer. J R Morrow, 
6501 Harding Rd, E21, Nashville TN 37205, 
1615] 329-1844 days, (615) 352-0599 evenings. 


FOR SALE: Teletypes, ASR33s, one brand new 
in box with manuals, located in Silicon Valley, 
one used only 25 hours, located in Boston. $500 
each or reasonable offer. If interested in either 
one, send postcard to Ralph Guditz, POB 61266, 
Sunnyvale CA 94088. 


FOR SALE: Centronics 101A with lower case 
option, paratlel input, switch or software for 
double width characters. includes stand and paper 
tray. $1200, you pay freight. Digital Group 8 K 
memory boards 400 ns low power. Two at $200 
each, ! pay shipping. D L Earle, 729 Milam Bldg, 
San Antonio TX 78205, (512) 222-0077 or (512) 
690-0499. 


FOR SALE: Heath H9 Video Terminal. New and 
completely assembled, $500. Jim Ketcham, 57F 
Sherwood Forest, Wappingers Falls NY 12590, 
(914) 831-1709 evenings. 


FOR SALE: One fully assembled and functioning 
TOL ZPU 2-80 processor card, $250. Includes 
operaung manual and 1 K monitor. One fully 
assembled Seals battery backup card with batteries, 
$120. Contact James Stanley, —805, 4045 Link- 
wood, Houston TX 77025, or call 1713) 792.4727. 


WE NEED HELP! High school has a Sol System FH 
with 32 K and a video tape camera and cassette. 
We would like to interface the two in ordar to 
produce digitized computer portraits. Send infor- 
mation or suggestions to Bill Games, Franklin HS, 
Stockton CA 95205. 


FOR SALE: RCA COSMAC VIP, Described in 
August 1977 BYTE, page 30. Original cou $275 
in kit form. Will sell tor $200 complete in running 
order, Albert G Shafar, 683 SW 7th St, Boca Raton 
FL 33432, (305) 395-5633. 


FOR SALE: BYTE volume 1, #1 to-date, for 
best offer. Good condition. Will pack secusaly 
end ship insured. Also, complete Vietron System 
21 with manuals. includes 9 inch B&W and 19 
inch color vidaa display, robot printer, two 
cassette decks, all in good working order. George 
Weiss, 4625 N Kedzie Av, Chicago IL 60625, 
(312) 588-1885. 


FOR SALE: Diablo Systems Model 31 disk drive 
with fntardata controllar. Disk drive is 100 percent 
operational, controller needs soma work. Full 
documentation supplied for both drive end con- 
woller. Best offer over $1200. Tom Olsen, 655 
South Fairosks Ave, Apt H206, Sunnyvale CA 
94086, {408) 737-9353. 


FOR SALE: Technical Design Labs Xitan Alpha 2 
computer. Complete with ZPU, 2-16 (16 K static 
low power programmable memoryl, SMB (System 
monitor In ROM, 1200 bps cassette IO, two 
serial IO ports, ons parallel IO porti, mother 
board feight slots, currently using three), power 
supply, card rack, fan, cess. Assembled, testad, 
fully operations! with B8 K BASIC, assembler, 
text editor and text output processor supplied 
on cassette. $1400 buys all, including Pionser 
CT 4141 cassette deck. An excallent startar 
system. J Crowley, 2931 Queen Ln, Philgdelphia 
PA 19129, (215) 842-1517. 


FOR SALE: Assembled solid state music video 
display and graphics board $126. ($25 under kit 
pricel) Extender card with connactor $8. Six slot 
mother bosrd {can be connected to other board 
for expansion] with 4 connector, $25. Good for 
small expandable system. Send SASE to Gary 
Camp, 158 Pago Pago, Pomona CA 91768, 


FOR SALE: TELETYPE Modal 33 ASR, with 
pedestal and GE scoustic coupler assembly, Com- 
plete $400. Full set manuals available. Porta-com 
Model PCB8110, standard ASCH complete, with 
internal ecoustic coupler snd manual cost $900, 
selling for $400. Ron Newtand, 206 S Highwood 
Av, Glen Rock NJ 07452, (201) 444-6872. 


FOR SALE: Syivanhills DFT-2 flat bed plotter 
with power supply, 17 by 22 inch drawing area, 
mounted on drefting table, could be shipped 
unmounted. Also a Matrix video S-100 bus board 
ALT 256-2, high density graphics with a software 
package for character generation. All items almost 
new. Laddie Chapman, 5715 Klump Av, N 
Hollywood CA 91801, (213) 985-5715. 


FOR SALE: TRS.80 Microprocessor with tape unit 
and RF modulator for use with any TY. Brand 
new, still undar factory warranty. Only $499 plus 
shipping. Reason for sale: moving up to more 
powerful system. Write A Lufkin, Siar Re 1, POB 
4, Chartontesville VA 22901, 


MEDICAL SOFTWARE FOR MICROPRO. 
CESSORS- Now available, patiant history, health 
ask profile, differential diagnosis generators, 
clinical laboratory data analysis, symptom, disease 
and drug cross-indexing, bibliography-referance 
retrieval and others. Write R Lufkin, Star At 1, 
POB 4, Charlottesville VA 22901. 


HELP: | couldn't resist the price so | bought it, 
Model-140 Eldorado computer, B K cora. Selectric 
typewriter. Desk console. Three magnetic tape 
cassette drives. Programs and compilers. Includes 
à whole business accounting package. | need to 
tind schematics in case it breaks. G Kilthau, 7142 
Tours, Houston TX 77036. 


FOR SALE: 2 Digital Group 8 K memory boards. 
Uses 2102-1 chips. Professionally assembled and 
running perfectly for three manths. $200 each. 
L Langrehr, 2069 N Humboldt Blvd, Chicago IL 
60647, or call (312) 262-1600 X491, 


VISIBLE USED FOR CHARACTER MAY BEUSED IN IN MAGNETIC ENVIRONMENT 
OR RECOGNITION FOR A VACUUM, BECAUSE THERE IS NO 
INFRA RED COMPUTERS WITH UNDER WATER, HIGH VOLTAGE OR 
EXTERNAL CIRCUITS HIGH ALTITUDE MAGNETIC DEFLECTION 


MINATURE SOLID STATE 


202 VIDEO CAMERA KIT 


FEATURING A...100 x 100 BIT SELF SCANNING CHARGED COUPLED DEVICE 


THIS UNIQUE UPDATED CAMERA KIT 
FEATURES THE FAIRCHILD CCD 202C IMAGE SENSOR 


ADVANTAGES FEATURES 


e IN THE FUTURE e Sensitive to infra red 
WE WILL SUPPLY A as well as visible light 
COMPUTER VIDEO INTERFACE CARD May be used for IR survelllance 


All clock voltages operate at 6V with an IR light source 
reguiring no adjustments Excellent for standard 
Higher video output signal surveillance work, because 


We supply the power board, so only of light weight and small size 
a 5V 1 Amp power source is needed All components mounted on 


The circuitry has been simplifled for parallel 334" x 6V2^ single 
easier assembly sided boards 


Two level TTL output is supplied for Total weight under 1 Ib. 
Interfacing 


SURPLUS CENTRONICS PRINTERS $34900 KIT We supply all semiconductors, 


101 — *1,150 Add $75.** to assemble and test rors and capito, and 
ens, 


306 5900 Add $2.00 Postage and Handling Sorry we do not supply the 
des case, batteries and SV supply. 


UNIVERSAL 4Kx8 MEMORY BOARD KIT PRINTED CIRCUIT BOARD TRANSISTOR SPECIALS a DIF SOCKETS 
$69.95 Ü INGLE SIDED EPOXY C NBN S 1. Fi m m Ur ED T PAIN caa 
32-2102-! fully builered, 16 adáress hnes, on 6 pon unter hid : WANS — too aS 75 738] 14 PN .20 28 PIN a0 
board decoding lor any 4 of 64 pages, standard 5152.60 2N1546 PNP GE TO-3 T: sof 100) 16 PIN 22 40 PIN .60 
44 gin buss, may be used with F-B & KIM 2N4908 PNP S: TO 3 = 1 r: 1g P:N. 25 
EXPANDABLE FB CPU BOARD KIT ZN 3820 P FET ra 2N6056 NPN STO 3 Dactinqion 
2N5086 PNP Se TO 92 
$99.00 2N 5457 N FET $ 45 2N3137 NPN BIRF sess 
teatunng Farbug PSU 1X-c! nanc ram, AS 232 ca ean ciGwes ae 2N3919 NPN S. TO 3 RF 
interface, documentation, 84 BYTE requ.er N 6028 PROG UJT 65 281420 NPN P TOS eese DIS 1.00 oo d $2 
MINIATURE MULTI-TURN TRIM POTS : TANTULUMICAPACITORS 
PN S T CAP. 
C/MOS (DIODE CLAMPED} 100, 1K. 2K, BK, 10K, 25K. BOK. 100K, INSS NPN S. TO 3” 22UF ISV 5/5100 — GBUF 35V 4S1 00 
200k. BOOK, 1Meg. 2Meg. 5.75 each 3/$2.00 2N1904 NPN $, TO 32 dur 35 
" uf 35v 59100 IOUF 10V $ .25 
DET 3? t3- 110 CHARGED COUPLE DEVICES 2N3906 PNP S: TO 92 68UF 35v 6$100  22UF25V S 40 
LE CCD 321 AH2-612 audio anstog SA. +++ $95.00 2N5296 NPN S: TO 220 IF 35V 55100  I15UF35V J3/$1.00 
% apie. - 70 fl CCO 201C 100x100 Image Sansar . .... $95.00 2NG109 PNP S, TO 220 72UF 20v5$100  30UF GV  5/$100 


» An - CCO 202C 100x100 Image Sensor . .$145.00 ey 33UF 35V 4S100 47uF 20v $ .35 


Y 671 VERIPAX PC BOARO tbe 2 à $400 i 4?UF IBV S/$1.00 &&uF 15V $50 
HB 4022 - 4046 - 1.36 CiO This board h a 1/18"single sided paper epoxy Í 
18 4021 4047— 150 740180 board, 47x65" ORILLED and ETCHED which 
T. will hold up to 21 single 14 pin IC's or 8,16 or LSI 

DIP IC's with busses for power supply connactor. 


OK EFROM [480 ^l ,... 
TIC BHIFT AEG... 


s 
28132 CHARACTER GEN 


7918 HER 


325T 


3102 1 14500 . 
31.02 t 14bOes) 


4 BTATIC 
A STATIC 


T 
209A — POWER BOAR 


TC-14 — $4 56 


IC TEST CLIPS 
TC-1& — $4.25 


FP 100 PHOTO TRANS $ 
RED, YELLOW, GREEN or AMBER 
LARGE LEÙ's.2" .. ... 
TILTBOPTO4SOLATOR.... ..8 


MOLEX PINS 


1000/8. 
10 WATT ZENERS 3.9, 4,7, 5.6, 8.2, 
18,22,100.180 or 200V . es. $ 60 
1 WATT ZENERS: 3.3. 4.7, $6. 9.1,10, 
12,18, 18,0r 22V . 7/$1.00 
MC&860 MODEM CHIP . 
MCM @571A 7 x 9 characier gen ... $10.75 


[I] 30 
18 — 35 90 
110 


CTS 206-8 ngh penton dip switch... $1.50 
Cr15.206-4 lowi positior dip swilch ....$1.45 


LIGHT ACTIVATED SCR'S 


FO 18. 200v 14 


SILICON SOLAR CELLS 


24" dusmatar AV aM 500 ma $4.00 


RS232 D825Pmae .. T 
$ 1.10 CONNECTORS 08 255 temate deve LED's 12/24 hrs., 1 supply & alarm $5.05 | 


REGULATORS NO. 30 WIRE WRAP WIRE SINGLE 


END 359 C,C. 4" S.50 LED READOUTS 


FCS 8024 4 aig 
C C. 8" cignlay 
FNO SOJE.C 

FND GIDC A $ 


DL-704C.A..3" $ 76 
$395 DL 74? CA. ." $1.25 


$"$ 85 FeO BODC.C 6" $195 


DL704.3"CC 3* 76 


Tarms: FOB Cumbridge, Mass 


Send Check or Moray Order. 


Include Post 
Order $5.00, C! 


y Minimum 
'S $20.00 


"$ 805 FND6G? CA B $1.55 


or 247 a., $ .95 


Send 28d. for our catalog featuring 
Teansistags and Ructifurs 


145 Hampina 5t, Cambridge, Mavs 


Circle 340 on inquiry card. 


S 50 
. e/$1.00 
..9 75 

+ 100/$1.00 


EEEEPELIIII 


na 


BESSSEISEIERS SS RERTE 


$ 95 
44 Pin Solder Tall 1655" Connector — $1.95 ] 


i 


SSuscEEbEBEZIsUSIRESREERS 


PPI iis iter ri titi ETETEA EEEE 


MM 5387AAÀ new clock chip which will directly í 


Yadgrdbdsddatd edo 


240K-12,15 STRAND 100 $1.40 
or 24V .... 8 95 ALCO MINIATURE TOGGLE SWITCHES 
340T.6, 6, 8, 12 MTA 106 SPDT s .98 
15.18 or 24v $. 95 MTA 206 UPOT e. 5 3230 
78 MG .... $3.35 MTA208 P-DPOT CENTER OFF « 188 


NM 1r MSO 206 P-OFDT CENTEA OFF 
poe s12 LÉVER SWITCH.. . o s a. $ 4.86 


SOLID STATE SALES WE SHIP OVER 95% 


P.O. BOX 748 OF OUR OROERS THE 
SOMERVILLE, MASS 02143 TEL. 1617) 547.7053 DAY WE RECEIVE THEM 
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* A-A-A-A Computer How's 196 
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6 AJA Software 114 
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8 American Digital Development 190 
9 Anderson Jacobson 133 
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Dynabyte 83 

Electrolabs 183 

Electronic Control Technology 158 
Electronic Systems 189 
Electronics Warehouse 191 
EMM/CMP 118 

EMM/Semi Inc 158 

Entelek 196 

Forethought Products 74 
Functional Automation 190 
GRT Corporation 31 

GRT Corporation 138, 139 
Hamilton Logic Systems 182 
Hazeltine Corp 34, 35 

Heath Company 17 

Hobby World 179 

Home Computer Centre 196 

IEE Corporation 204 

IMSAI 11 

Innotronics 157 

Integrand 131 

Integrated Circuits Unlimited 193 
International Data Sciences 157 
International Data Systems 98 

J & E Electronics 196 

Jade Company 181 

Jameco Electronics 194, 195 
Jim-Pak CII 

Kalin Associates 190 

LMN Electronics 197 

Logical Services 62 

Manchester Equipment 182 
Marinchip Systems 140 
Micro-Madness 204 

Microware 137 

Mikos 199 

Mini Micro Mart 142 

mpi 149 

National Digital Diagnostic 190 
National Multiplex 69 

Netronics 121 

Newman Computer Exchange 120 
North Star Computer 27, CIV 
Northwest Microcomputing Sys 7 
Northwest Microcomputing Sys 127 
Ohio Scientific Instrument 20-23 
Oliver Advanced Engineering 125 
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Owens Associates 204 

Pacific Digital 135 

Pacific Office Systems 199 

Page Digital 188 


Article No. ARTICLE PAGE 
1 Allen-Rossetti: On Building a Light-Seeking Robot Mechanism 24 
2 Forsyth-Howard: Compilation and Pascal on Microprocessors 50 
3 Nelson: Microprocessor Update: The Number Crunching Processor 64 
4 Alpert: Pascal: A Structurally Strong Language 78 
5 Penniman: Philadeiphia’s 179 Year Old Android 90 
6 Williams: Antique Mechanical Computers, Part 2 96 
7 Mundie: In Praise of Pascal 110 
8 Bowles: Pascal versus COBOL 122 
9 Weems: Designing Structured Programs 143 

10 Ciarcia: Let Your Fingers Do the Talking 156 

11 Hastings: JACPOT 166 

12 Schwartz: Pascal versus BASIC 168 
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Structured Systems Group 13 
Super Surplus Sales 205 
Synchro Sound 44, 45 
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Technical Systems Consultants 85 
Technico 101 
Teletek 53 
Transition Enterprises 182 
TransMet Corp 60 
Trenton State College 128 
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Ultra Violet Products 125 
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Video Spectrum Industries 129 
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Wintek 149 
Worldwide Electronics 196 
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BOMB's Vacation 


The Bomb Analysis for May 1978 BYTE 
found Mark Gottlieb's "Hidden Line Sub- 
routines for Three-Dimensional Plotting," 
page 49, receiving the highest score, with 
Larry Weinstein's “A Programmable Char- 
acter Generator, Part 1: Hardware," page 79, 
receiving second place. Since our pocket 
calculator's batteries had run down and the 
charger got misplaced, we'll omit the statis- 
tical analysis this month. . CH 


Li nen el 
im-pak co 


ALABAMA 

Mabite Lalayette Radio Electronics 
ALASKA 

Anchorage Electranics Corp. of Alaska 
ARIZONA 

Flagstaff Jim's Audio & Stereo Repair 
Fountain Hills P & C Communications 
Tempe Computerworld Inc. 
Sierra Vista B & S Electronics 
Yuma Yuma Electronics 
CALIFOANIA 

Bellfiower Eart’s Hobby Shop 
Berkeley Al Lasher Electronics 
Brea Century Electronics 
Cypress SCR Electronics 
E! Monte Kimball & Stark 
Fontana Fontana Electronics 
Fullarton Orvac Electronics inc. 
Glandale Eagle Electronics 
Lake Tahoe, South CatPine Electronics 
Lancaster Consumer Electronics 
Long Beach Scott Radio Supply Inc. 
Mission Viejo Tower Electronics Corp. 
Modesto Computer Magic 
Monterey Zackit 
Oceanside Electronic Center 
Palmdaie Radio Shack A.S.C. Palmdale 
Pala Alta Zack Electronics 
Pasadena Daw Radio inc. 
Riverside Computer Center 
Sacramento Heathkit Etectronic Center 
Sacramento The Radio Place 
Sacramento Zackit 


Intand Computer 
& Electronics 


San Bernardino 


San Carios J& H Qutlet Store 
San Diego Radio Shack A.S.C. Mira Masa 
San Diego Atadie-Tronies Inc. 


Sen Farnando 
San Francisco 
San Francisco 


San Fernando Electronics 
Zack Electronics 
Zenith Distributing Corp. 


San Jose Quement Electronics 
Sa: Luis Obispo Mid-Stace Electronic Supply 
San Rafael Electronics Plus 
Santa Barbara Lombard Electronics 
Santa Cruz Santa Cruz Electronics 


Caps Electronics 
Mission Contra! 


Santa Maria 
Santa Monica 


Sunnyvale Sunnyvale Electronics 
Torrance SE Electronics 
Vallejo Zackit 
Van Nuys Thrifty Electronics Supply 
Ventura Lombard's Electronics Inc, 


Walnut Creek 
Wostminster 


Byte Shop of Walnut Creek 
JK Electronics 


Whirtier D & S Electronics 
COLORADO 
Aurora Com Co Electronics 


Steamboat Springs NAorm's TV & Electronics 


CONNECTICUT 


Bridgeport Bridgeport Computer 
FLORIDA 

Ft. Lauderdale Computers For You 
Gamesvilte Lafayerre Radio 
Lakeland Lakeland Specialty Electronics 
Orlando Altar Computer Center 
Tampa AMF Electronics 
Tampa Microcomputer Systems 
GEORGIA 

Ananta Atlanta Computer Mart 
HAWAI 

Area Ostcoms Hawari 
Honalulu Integrated Circuit Supply 
IDAHO 

idaho Falls Audiarronics 
ILLINGIS 

Carbondale Lafayette Radio 
Evanston itty Brety Machine Co. 
Evanston Tri-State Electronic Corp. 
Granite City Computer Systems Center 
Groveland Moyer Electronics 
Mount Prospect Tri-State Efectronic Corp. 
Ades Compurer Land 
Oak Park Specironies Inc. 
Rockford Imperia! Computer Systems 
Schaumburg Dara Domain 
INDIANA 

East Chicago Acro Electronics Corp. 
Hammond Quantum Compurer Works 
IOWA 

Clinton Bridge Elec. Computer Center 
Davenport Computer Store of Davenport 
Intfranota Electromx Limited 
KANSAS 


Kansas City Electronic Surplus Salas 


One-Stop 


mponent Center 


AUTHORIZED DEALERS 


KANSAS (Continued) 


NEW YORK {Continued} 


Manhatian Communications Specialties L. tet, Rensselaer 
Wichita Amateur Radio Equipment Campany Rochester 
KENTUCKY Troy 
Lexington Radio-Efectromic Equipment Co. White Plains 
LOVISIANA Witlramsvile 
Baron Rouge Baws Etectronics Supply Co. NORTH CAROLINA 
MARYLAND Durham 
Baltimore Computer Warkshop Greensboro 
of Baltimore Raleigh 
Baltimore Every thing Electronic OHIO 
La Vale J & M Electronics Bucyrus 
flock ville Computer Workshop Cincinnati 
Silver Spring Computers Etc. Columbus 
Towsan Baynesvitie Elactronic ine. Dayton 
Towson Computers Ete. Reynoldsburg 
MASSACHUSETTS OKLAHOMA 
Medford Tufts Electramies Guymon 
North Adams Electronics Suppiy Center Oklahoma City 
Watiham Computer Mart Inc. Tutsa 
Worcester RM Electronics inc, OREGON 
MICHIGAN Albany 
Ann Arbor Airway Electronic Communications Beaverton 
Flint Hobby Electronic Center Coos Bay 
Grand Rapids Micro Computer Warid Medford 
Lansing Fulton Radia Supply Co. Ontario 
Mit. Clemens The Computer Store Portland 
Salem 
PENNSYLVANIA 
Drexel hii 
Erie 
Hershey 
Murraysvitie 
Phoenixville 
Pittsburgh 
Wilkesbare 
York 
RHODE ISLAND 
Cranston 
Pawtucket 


MINNESOTA 
Dututh 

Eagan 

Hopkins 
MISSOURI 

Et Dorado Springs 
Parkville 


MONTANA 
Billings 
NEBRASKA 
Lincota 

North Platte 
Omaha 
NEVADA 

Las Vegas 
NEW JERSEY 
Bayville 
Bricktown 
Cherry Hili 
Hoboken 
Parerson 
Pompron Lake 


Aamsey 


NEW YORK 
Albany 
Kingston 
New York 


Northwest Radio of Dututh 


SOUTH CAROLINA 
North Charleston 
TENNESSEE 
Chattanooga 
Clarksville 
Knoxville 
Memphis 
Memphis 

Oak Ridge 
TEXAS 

Amarillo 

Daitas 

Houston 
Houston in 
San Antonio 
UTAH 

Provo 
VIRGINIA 
Alexandria 
Alexandria 
Charlottesville 
Hampton 
Richmond 
Roanoke 
Springfiald 


Wilfram"'s 


Sere- Rose & 


Computer Room inc. 


Heathkit Electronic Center 


Scott Radio Supply Corp. 


Virginia Beach 
WASHINGTON 


ARS. Communications Services 


Beckman Electronics Bellevue 
Computer Workshop Kennewick 
of Kansas Crty Longview 
Pasco 
Coney Radio Suppiy Richiand 
Seatrle 
Attar Computer Center Searue 
Spokane 
Omaha Computer Store WEST VIRGINIA 
Morgantown 
Century 23 Morgantowa 
Ripley 
CANADA 


Radio Shack Associate Store 
The Computer Emporium 
Hoboken Computer Works 
AI tronics 


Alberta (Calgary! 
Ontario (Wittiawdale} 
Quebec (Montreal 


Computer Corner 


of New Jersey 
Typerronic Computer Store 


Forr Orange Electronics 


PANAMA 
Panama City 
Panama City 


FRANCE 
Paris 


Greylock Electronics 


Computer Mart af New York 


SEE YOUR LOCAL J&ea* 


For Dealer Information, write or phone JIM-PAK® 1021 Howard Ave., San Carlos, California 94070 (415) 592-8097 


Circle 201 on inquiry card. 


SINGAPORE 


DEALER TODAY! 


Com-Tech Electronics 


2001 Microsystems 
Trojan Electronics 


The Computer Corner 


Hirsch Sales Co. 


Futureworid 
Byte Shop 


Byte Shop af Raleigh 


Mead Elecrromcs 
Digita! Design 


Heathkit Etectronic Cantar 
Artair Computer Center 
Universal Amateur Radia 


Sound Service 


Bits, Bytes & Micros 


High Technology 


Oregon Ham Salas 


Altair Computer Center 


Herrick Electronix 


Partíand Radio Supply 


Millar Electronics 


Portland Radio Supply 


Computer Pathways 


Kass Electronic Distributors 


Warren Radio 


Microcomputer Systems inc, 
Computer Workshop 


of Pittsburgh 
Stevens Electronics 
Tydings Company 
Hamiline Electronics 
G. Y.C. Company 


Jabbour Electronics City 
Jabbour Electronics City 


Techmcal Services Inc. 


Dara Comp Division 
Masstronics 
Byte Shop 


Biuff City Electronics 


Spencer Electronics 
Computer Denn 


Computer Encounters Inc, 


CompuShop 


Altair Computer Center 


reractive Computers 


Sherman Electronics Suppiy Inc. 
Alpine Elgcrromic Supply Co. 


Compurer Hardware Store 


Computers Plus inc. 


Lafayette Electronics 


Lafayerte Radio 
Computers-To-Go 
The Computer Place 


Computer Workshop 


of North Virginia 


Heathkit Electronic Center 


Altar Computer Cenrer 


C & J Electronics 
Progress Electronics 


Riverview Electronics 


C & J Electronics 
C-Com 

Empire Electronics 
Personal Computers 


The Computer Corner 
Electro Distributing Co. 
Thompson's Radio Shack 


The Computer Shop 


Home Computer Centre 


Wang's Mierocen ter 


Electrotecnia S.A. 
Sonel, S.A. 


Computer Boutigue 


inter- Trade (PTE) Lea. 


Look To The North Star HORIZON Computer. 


HORIZON ™~— a complete, high-performance microprocessor 
system with integrated floppy disk memory. HORIZON is 
attractive, professionally engineered, and ideal for business, 
educational and personal applicaticns. 


To begin programming in extended BASIC, merely add a CRT 
or hard-copy terminal. HORIZON-1 includes a Z80A processor, 
lok RAM, minifloppy™ disk and 12-slot S-100 motherboard 
with serial terminal interface — all standard equipment. 


WHAT ABOUT PERFORMANCE? 

Ihe Z80A processor operates at 4MHZ — double the power ol 
the 8080. And our 16K RAM board lets the Z80A execute at 
full speed. HORIZON can load or save a 10K byte disk program 
in less than 2 seconds. Each diskette can store 90K bytes. 


AND SOFTWARE, TOO 

HORIZON includes the North Star Disk Operating Svstem and 
full extended BASIC on diskette ready at power-on. Our BASIC, 
now in widespread use, has everything desired in a BASIC, in- 
cluding sequential and random disk files, formatted output, a 
powerful line editor, strings, machine language CALL and more 


NORTH STAR 


EXPAND YOUR HORIZON 


Also available — Hardware floating point board (FPB); addi- 
tional 16K memory boards with parity option. Add a second 
disk drive and you have HORIZON-2. Economical serial and 
parallel L/O ports may be installed on the motherboard. Many 
widely available S-100 bus peripheral boards can be added to 
HORIZON. 


QUALITY AT THE RIGHT PRICE 
HORIZON processor board, RAM, FPB and MICRO DISK SYS- 
TEM can be bought separately for either Z80 or 8080 S-100 bus 
systems. 
HORIZON-1 $1599 kit; $1899 assembled 
HORIZON-2 $1999 kit; $2349 assembled 


l6K RAM— $399 kit; $459 assembled; Parity option $39 kit; $59 
assembled. FPB $259 kit; $359 assembled. Z80 board $199 kit; 
$259 assembled. Prices subject to change. HORIZON offered 
in choice of wood or blue metal cover at no extra charge. 


Write tor tree color catalogue or visit your local computer store. 


* CowPuTERS 


2547 Ninth Street * Berkeley, California 94710 + (415) 549-0858 


Circle 285 on inquiry card. 


